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ABSTRACT
This investigation evaluated the effects of the use of the pedagogical tool “Evo in the
News” on the attitudes toward and knowledge of biological evolution in a sample of
undergraduate non-major biology students at a large, private research university. In
addition, this study looked at the initial attitudes of the students and their knowledge of
evolution before beginning a second semester introductory biology course. Both the
initial attitudes and knowledge of the students and the gains in positive attitudes and
knowledge were measured using the Evolutionary Attitudes and Literacy Survey (EALS).
The goal of the research was to analyze potential gains using a quasi-experimental design
with pre-test/post-test comparison between a control group and a treatment group. The
control group and treatment group differed in that throughout the course of the semester,
the treatment group was assigned pre-laboratory work using the “Evo in the News” tool
while the control group was assigned pre-lab work without “Evo in the News”. Although
it was anticipated that the students would begin the semester at a higher level of
knowledge and positive attitudes than the general population, the findings suggested that
a large percentage of the students harbored significant misconceptions, lack of
understanding, and negative attitudes regarding biological evolution at the beginning of
the semester. At the conclusion of the semester, significant gains were found in two
constructs on the EALS. The treatment group showed significant improvement in one
attitudes construct, relevance of evolution, and in one knowledge construct, genetic
literacy when the pre-surveys and post-surveys were compared. Additional findings
demonstrated a significant correlation between positive attitudes toward evolution and
knowledge of evolution. Also, significant correlations were found between both positive

attitudes toward and knowledge of evolution and the students’ level of achievement as
measured by their final course grades.
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CHAPTER 1
THE PROBLEM
Introduction
Biological science is a broad and complex field of study, encompassing areas as
diverse as biochemistry and ecology and everything in between. There are however,
unifying principles that tie together the study of all of these seemingly independent
subtopics. Among the most central of these unifying principles is biological evolution
(Alles, 2001; Dobzhansky, 1972; Gould, 2001; Linhart, 1997; Wiles, 2010).
It would follow then, that if biological evolution is a central theme upon which
the study of biology is based, teaching of this concept would be of paramount importance
from the elementary level through graduate school. The teaching of evolution though,
particularly in the United States, has been beset with difficulties that have lead to poor
understanding of evolution among the general public (Alters, 2005; Alters & Alters,
2001; Cobern, 1994; Demastes et al., 1995; Lawson & Worsnop, 1992; Scott, 2004;
Sinclair & Pendarvis, 1998; Wiles & Ashgar, 2007; Wiles, 2010). Numerous polls of the
general public have demonstrated that, compared to inhabitants of other industrialized
nations, Americans exhibit a striking lack of understanding and acceptance of evolution
and related aspects of science (Miller et al., 2006; Wiles, 2010). In addition, it appears
that a substantial portion of the American public tends to eschew evidence-based
scientific theories on the history and diversity of life on Earth, instead favoring nonscientific explanations that are rooted in religious creationism, including its recent
incarnation known as “intelligent design” (Alters & Alters, 2001; Nelson, 2008).
According to Randy Moore, former editor of American Biology Teacher, the
teaching of evolution in America “is by far the biggest failure of science education from
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top to bottom” (Alters, 2005, p.15). This failure has been the focus of a fairly new area
of research in science education. Although, it has been known for quite some time that
understanding about biological evolution among students at all levels of education and
ultimately the public at large has been poor; it is only in the last ten years or so that
research has grown in the area of evolution education. As this area of study has
expanded, research has been conducted on a number of fronts. These include addressing
understandings of evolution for students at various levels of education from elementary
through graduate school both in the United States and beyond (Smith, 2010a). In
addition, factors that may create barriers to understanding and acceptance of evolution
have been examined (Wiles & Alters, 2011). There is still much work to be done. This
dissertation seeks to explore students’ understandings and attitudes toward biological
evolution and their perceptions of its relevance from the pedagogical point of view. In
other words, knowing that misconceptions and lack of acceptance regarding evolution
exist, can pedagogical tools highlighting the utility of evolutionary science address some
of the problems associated with students’ attitudes toward evolution?
The Problem and Its Explication
Research has shown that there are many different obstacles to overcome in the
teaching of evolution. These include, religious and non-religious factors (Alters, 2005;
Alters & Alters, 2001; Wiles & Alters, 2011), misunderstandings about the nature of
science such as what the term theory in science means (Alters, 2005, Nelson, 2007),
political factors (Wilson, 2010), and difficulty with the higher-order thinking that an
understanding of evolution requires (Marback-Ad & Sokolove, 2000). Studies have been
conducted that have elucidated the attitudes and perceptions students have about
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evolution from elementary level through graduate school (Beardsley, 2004; Bishop &
Anderson, 1990; Brem et al., 2003; Dagher & BouJaoude, 1997; Donnelly et al., 2008;
Downie & Barron, 2000; Libarkin et al., 2005; Lord & Marino, 1993; Moore, 2007;
Nehm & Reilly, 2007; Paz-y-Mino & Espinosa, 2009; Sinatra et al., 2003; Sinclair et al.,
1997; Wiles & Alters, 2011). In addition, work has been done regarding teacher
perceptions as well (Ashgar et al., 2007; Rutledge & Mitchell, 2002; Rutledge & Warden,
2000). This research has underscored the difficulties surrounding the teaching of this
concept and the need to address these problems in order to enhance understanding of
evolution among students, teachers, and ultimately, thereby, the general public.
Prior research has demonstrated that misconceptions about evolution exist at
every level from elementary school through graduate school (Smith, 2010b). In order to
adequately address this, changes to the teaching of evolution must be made from
elementary school and beyond. Numerous authors have written about the need for
change from different perspectives (Rosengren, Brem, Evans & Sinatra, 2012). Given
evolution’s unique challenges, change may require teachers at all levels to understand
students’ perceptions and attitudes toward evolution. It is also going to require that
teachers themselves have a firm grasp on evolution so as to teach to correct
misconceptions not perpetuate them. In addition, teachers at all levels should understand
how students learn, especially how students can attain higher-orders of thinking, beyond
just knowledge but towards synthesis and evaluation of concepts.
However, many teachers remain underprepared in one or more of these areas
(Berkman & Plutzer, 2011; Wiles & Branch, 2008). One method to address these
problems is the development of pedagogical tools that teachers can use to help both
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themselves and their students come to a deeper understanding of evolution. Surprisingly,
until about ten years ago, there was little research into the development and use of
pedagogical tools to teach evolution. In the last decade, more research has been
conducted on this problem from a variety of different angles (Smith, 2009). The use of
“tools” to facilitate learning is a broad area of research encompassing many different
subject areas and many types of pedagogical tools, such as computer programs,
simulations, models, popular media, etc. (deJong& vanJoolingen, 1998; Huang, 2002;
Jensen & Finley, 1995; Knapp & Thompson, 1994; Nadelson & Sinatra, 2009; Pennock,
2007; Scotchmoor & Thanukos, 2007; Soderberg & Price, 2003). Notably, elementary
and secondary teachers are often more amenable to trying various tools and using them to
teach in their classrooms. Post-secondary instructors are often less likely to use methods
of teaching outside didactic instruction which may not be the best way to present a
difficult topic such as evolution (Alters, 2005; Nelson, 2007; Nelson, 2008; Pennock,
2005).
Area of Concern
In order to increase post-secondary instructors’ use of different methods of
instruction and pedagogical tools, research needs to be done to show that these methods
can increase student interest, learning, and retention of concepts. To that end, The
Understanding Evolution website was built initially to provide K-12 students, their
teachers, and the general public with help to understand the centrality and the complexity
of evolutionary theory in the study of biology (Scotchmoor & Thanukos, 2007). The
Understanding Evolution website is a multifaceted website providing a variety of
pedagogical tools for these students and their teachers. Although this site was initially
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developed with K-12 students and teachers in mind, it has since been expanded for use in
post-secondary education (Musante, 2011). Initial research has been done on the impact
of the tools found in the Understanding Evolution website and the site as a whole
(Nadelson & Sinatra, 2009; Scotchmoor & Thanukos, 2007). However, up until recently
the focus has been on the uses for and perceptions of K-12 students and their teachers.
One of the sections of this website is titled “Evo in the News”. “Evo in the
News” provides timely articles “on evolutionary research that is making headlines and
that demonstrates the relevance of evolution to our lives” (Scotchmoor & Thanukos,
2007, p. 235). Articles are added on a monthly basis and are selected for their relevance
and application of the evolutionary theory in a current research study. These articles
demonstrate the real-world application of evolutionary principles and their importance in
current scientific research. The articles include links to other research for enrichment as
well as research profiles of scientists doing the work discussed. An innovative feature
within the Evo in the News article is an embedded podcast where the actual scientists talk
about their research with a first-hand perspective. There is an archive of all past “Evo in
the News” articles and their links as well. Although the articles are all taken from current
scientific research studies, they are written in a style that is accessible to students and the
general public.
In “Making Evolution Relevant and Exciting to Biology Students” Hillis (2007),
argues that in order to improve the understanding of evolution as a focal concept in
biology several issues need to be addressed. He asserts that it is important to,
“demonstrate that evolutionary research is current and ongoing,” “use fresh examples,”
“show how evolution is relevant to human lives,” “use examples of evolutionary biology
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from popular media,” and “include experimental evolution” (pp.1262-1264). As a
pedagogical tool, “Evo in the News” has the potential to address these issues.
Purpose of the Study
This study seeks to determine if “Evo in the News”, a pedagogical tool within the
Understanding Evolution website, can help bridge the gap for post-secondary students
between knowledge of evolutionary science and its relevance and application to realworld situations. The study will investigate whether this tool can indeed address the
issues that Hillis (2007) contends are pivotal for generating the perception among
students that evolution is indeed central to ongoing and important research in the life
sciences.
The purpose of this pre-test/post-test design, quasi-experimental study is to
compare changes in student attitudes about biological evolution and student
understanding of evolutionary concepts between undergraduate non-biology majors
participating in the use of “Evo in the News” as a supplement to their coursework in a
general biology class and those students not participating in the “Evo in the News”
supplement. All students were enrolled in a non-majors general biology course at a large
private research university. These students participated in a survey at the very beginning
of the course designed to elicit information about their attitudes towards and their
understanding of biological evolution. The same survey was administered at the end of
the course as well. A subset of the students in the course were asked to complete several
assignments using “Evo in the News” articles that corresponded to the topics in the
course. The remaining students were asked to complete assignments as well but not
using the “Evo in the News” articles and supplementary information. The data was
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analyzed for differences in attitudes about evolution and understanding of major
macroevolution concepts from pre-test to post-test for the sample of students who
participated in the intervention versus those students who did not participate in the
intervention.
Importance of the Study
This study adds to the body of literature regarding evolution education at the
undergraduate level. Specifically it provides information for instructors regarding the
attitudes and knowledge of students entering a non-majors introductory biology course.
The study also provides an assessment of the “Evo in the News” tool from the
perspective of learning gains and attitude changes in the targeted student population.
This has implications for the use of this tool at the undergraduate level. The developers
of the “Evo in the News” tool have further information regarding its usefulness at the
college level and it may inform changes to the tool for this audience.

Definitions
It is important for the sake of this study to clearly define several terms that are
used repeatedly within this work. Although some of these terms can have multiple
definitions, the use of these terms for this study is clearly delineated below.
Evolution (biological) – At its most basic, operational level, evolution is defined in the
textbook the participants in this study were using as “[a]ny cumulative genetic changes in
a population from generation to generation.” (Solomon, Berg, & Martin, 2008, p. G-16)
The textbook authors expand on this definition, adding that evolution as defined above
“leads to differences in populations” and explains the origin of species, and hence, the
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diversity of life (Solomon, Berg, & Martin, 2008, p. G-16). In general, evolution “refers
to the scientific theory that living things share ancestors from which they have diverged;
it is called ‘descent with modification’” (Alters, 2005, p. 119). In the broader sense,
evolution can refer to cumulative change in the natural world over time (Scott, 2004, p.
23). In the context of this study, participant students learned about the mechanisms of
evolution at the level of genetic change in populations as well as how these changes can
accumulate and lead to evolution on broader scales. The term “evolution” is used at
various points in this dissertation to refer to all of these scales, but the general definition
taken from Alters (2005) can be assumed unless otherwise indicated.
Adaptation – As defined in the textbook used by the student participants in this study,
adaptation is “[a]n evolutionary modification that improves an organism’s chances of
survival and reproductive success” (Solomon, Berg, & Martin, 2008, p. G-1). It is,
however, a more complex concept, as discussed by Futuyma (2005), who noted that
adaptations can refer to those traits leading to selective advantage as well as the process
of natural selection whereby these traits become better suited to their environments in
populations over generations. Students in this study routinely encountered in their
biology courses and may understand “adaptation” to refer to either a beneficial trait of an
organism or to the process by which these traits arise and are honed. However, it is
important to note that students who do not accept evolution, especially if they reject
evolution on religious grounds, may only accept or understand the term “adaptation” in
reference to specific organismal traits while rejecting the notion that such traits are at all
mutable, let alone the possibility of environment-specific improvement over successive
generations.
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Natural selection – a well-documented and important mechanism of evolution defined by
the textbook assigned to participant students as “the tendency of organisms that have
favorable adaptations to their environment to survive and become the parents of the next
generation” (Solomon, Berg, & Martin, 2008, p. G-29). This glossary entry further
explains that “[e]volution occurs when natural selection results in changes in allele
frequencies in a population” (Solomon, Berg, & Martin, 2008, p. G-29). Given that other
mechanisms (genetic drift, for example) can lead to changes in genetic frequencies in a
population and thus drive evolution, Futuyma (2005) clarifies that “[t]o constitute natural
selection, the difference in survival and/or reproduction cannot be due to chance, and it
must have the potential consequence of altering the proportions of the different entities”
(p. 550).
Positive attitudes -- personal feelings or state of mind that demonstrates openness to the
principles evolutionary science.
Negative attitudes – personal feelings or state of mind that demonstrates a closed mind to
the principles of evolutionary science.
Acceptance --“a learner’s personal assessment of the validity of a construct” based on a
“systematic evaluation of the evidence” (Sinatra, Southerland, McConaughy, &
Demastes, 2003, p. 512).
Relevance – applicability of evolutionary science to ongoing research and/or the
student’s everyday life.
Blackboard – an internet-based tool used by students and professors for communication
regarding academic course material and links.
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Research Questions
1. What are the initial attitudes about and knowledge of biological evolution for our
sample of students?
2. Is there a significant difference between the change of student attitudes regarding
evolution in the group of students participating in the BIO 123/124 course alone as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?
3. Is there a significant difference between the change of student knowledge regarding
evolution in the group of students participating in the BIO 123/124 course alone as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?

Delimitations
This study was conducted at a large, private research institution in the
Northeastern United States. The participants were undergraduates attending this
institution and enrolled in an introductory biology course. The external validity of this
study is contingent upon this participant population, the instrument employed, and the
manner in which the treatment was administered.
For the pre-survey, all students enrolled in the introductory biology course, BIO
123/124, were eligible to participate. The participant population encompassed students at
all levels of undergraduate schooling, although approximately 70% of the students were
second-semester freshmen. Although this population may be similar to populations of
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students enrolled in introductory biology courses at other institutions, demographic data
such as gender, ethnicity, and socioeconomic background were not solicited.
Regarding the control and treatment groups prior to the post-survey, participation
in the control and treatment groups was dependent on random assignment to certain lab
sections of the course. Only those students participating in the optional lab component of
the course were eligible to participate in the treatment or control groups. Students were
not made aware of the differences in their experiences in the pre-laboratory portion of the
course. Sections of lab were randomly assigned by me to either the treatment or control
group based upon the need to have equal lab sections for control groups and treatment
groups. In addition, teaching assistants for this course were assigned two lab sections,
one control group and one treatment group.
The instrument used in this study was the Evolutionary Attitudes and Literacy
Survey, the EALS. For this study although the entire survey was given to the students,
only ten of the sixteen constructs were analyzed. Of the ten constructs studied, six were
considered indicative of students’ attitudes toward biological evolution and four were
analyzed for students’ knowledge of biological evolution. The EALS is considered valid
and reliable to measure these constructs only.
In order to measure attitudes and knowledge of the student population prior to the
semester only those pre-surveys that were completed for each of the ten constructs
analyzed were used. For the post-surveys, only those students who completed the
entirety of a construct both prior to and at the conclusion of the semester were used in the
analysis of that constructs’ gains.
Limitations
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Due to the low response rate of the participants in this study there is a decrease in
ability to generalize the results of this study to a larger population. For the pre-survey,
although all students enrolled in BIO 123/124 were solicited for participation
(approximately 600), only 117 students completed the ten constructs studied in their
entirety. This problem of low response was magnified at the time of post-survey.
Although, nearly 200 students were involved in the course sections designated as control
and treatment groups, for the treatment group only 34 students responded at all to the
post-survey and 27 responded from the control group. Furthermore, for the treatment
group, only 23 out of the 34 had also completed the pre-survey so their results could be
compared. Of the 23, depending on the construct being studied, only between 10 and 17
had completed all questions regarding a certain construct. For the control group between
19 and 23 of those participants who responded were usable for the construct being
studied. However, as reported in the “Methods” section in Chapter 3 of this dissertation,
statistical tests suggest that the samples were representative of the larger population.
Eight different teaching assistants were responsible for collecting and grading the
pre-lab assignments for both the control and treatment group labs. Furthermore, each
teaching assistant used the pre-labs and graded the pre-labs according to their own needs.
Hence, there was some variability in practice. Additionally, the treatment consisted of
four alternative pre-lab experiences which corresponded to four lab experiences out of the
ten potential lab experiences throughout the course of the semester. This may have
limited the effectiveness of the treatments. Finally, the study is limited by the honesty
with which the participants responded to the surveys.
Conceptual Assumptions
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One of the major assumptions of this study was that differences seen between the
pre and post survey for students in the treatment group could be attributed mainly to the
use of the intervention. Comparing the gains in knowledge and positive attitudes
between the treatment group and the control group lends credence to the assumption that
differential gains of the treatment group observed were related to effects of the
intervention.
A second major assumption is that the EALS tool can be used to reliably measure
attitudes and knowledge of evolution of the participants. Inherent in this assumption is
the assumption that the participants understood the wording of the statements and replied
according to that correct understanding.
Outline of the Remainder of the Dissertation
The rest of this dissertation contains four chapters. The next chapter, Chapter II,
is a review of the relevant literature divided into sections regarding the importance of
biological evolution as a central theme in the biological sciences, misconceptions among
the general public, teacher and student populations, methodological problems with the
teaching of evolution, changes in pedagogy to address these problems, and the use of
various pedagogical tools to address the problems. The third chapter discusses
methodology including procedures, instrumentation, and data analyses. Chapter IV
describes the findings of the study, the results of data analyses and discussion for each of
the research questions presented above. The final chapter summarizes the dissertation
with conclusions and recommendations for future practices and research.
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CHAPTER II
REVIEW OF RELEVANT LITERATURE
Importance of Biological Evolution as a Central Theme of Biology
There is little argument amongst scientists that biological evolution is one of the
most important, if not the most important, central theme upon which the study of biology
is based. Since Charles Darwin’s writing on The Origin of Species by Means of Natural
Selection, the implications of evolutionary thinking have permeated the study of biology.
Over time, the addition of the understanding of genes and DNA has enhanced the
centrality of evolution as an over-arching concept in the field of biology. In fact, in 1973
prominent biologist Dobzhansky declared “nothing in biology makes sense except in the
light of evolution” (Dobzhansky, 1973, p.125). This has become an oft-quoted statement
in arguments regarding the need for more research in the area of the teaching of
evolution.
Published by the National Academy of Sciences in 1998, the treatise Teaching
about Evolution and the Nature of Science strongly emphasizes the need for teachers to
use biological evolution as the major theme for courses in biology (NAS, 1998).
Traditionally in these courses especially at the high school level, evolution is taught as a
separate subtopic making it difficult for students to understand the implications of
evolutionary theory to the other topics covered in the course. The recommendations put
forth in the NAS document are based on “understanding that curriculum development in
science education should be based on the synthesis inherent in the scientific paradigms.
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Scientific paradigms are scientific theories that unite an entire field of scientific study,
such as evolution by natural selection in biology” (Alles, 2001, p. 20).
Without an understanding of evolution, students of biology are often exposed to a
series of seemingly unconnected topics. Although they can learn facts and concepts
related to these topics, these students will continue to lack an understanding of the big
picture. In addition, without an understanding of the central piece of evolutionary theory
in biology, students will find it impossible to use their biology knowledge to solve novel,
real-world problems.
Synthesizing a great deal of research on the importance of teaching evolution and
the many difficulties that surround evolution education especially from a pedagogical
standpoint, and drawing on experiences in working with high school biology teachers in a
series of seminars, Nelson (2007) arrived at several important conclusions. Among them
was the importance of making evolution a central theme in the organization of a biology
course. If evolution is discussed as a separate topic not only does student understanding
of the whole of biology suffer, but often discussing evolution as a subtopic leads to
condensing evolution lessons even further or dropping them altogether especially if time
constraints are felt.
Nelson argues that:
Darwin’s Origin illustrates a particularly powerful use of empirical
patterns in supporting a scientific conclusion: he used confirmation by
multiple independent lines of evidence as a central argument for
evolution. This idea can be used as a theme or organizing principle to
connect many different areas of biology, allowing students to understand
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simultaneously the nature of scientific argumentation and the role of
evolution in explaining biology. (Nelson, 2007, p. 273)
This argument also supports the NAS treatise in that not only is the teaching of evolution
as a central theme vital to curriculum in biology, but perhaps equally important is the
importance of teaching the Nature of Science as a theme as well. As Nelson describes
above, these goals can be accomplished together in a well thought out curriculum.
Acceptance of Evolution among General Population
Although scientists overwhelmingly accept that biological evolution is at the crux
of the field of biology, neither the evidence supporting evolution nor the wellsubstantiated body of theoretical knowledge by which scientists have explained the
numerous observations of biological change have been as widely accepted among the
general population. “Most people are familiar with the dismal statistics, showing how a
large fraction of Americans at all education levels do not accept the theory of evolution”
(Wilson, 2005, p.1001). Public surveys taken at locations such as science museums
demonstrate that the public as a whole has little understanding of biological evolution and
what these people do know is often incorrect (Smith, 2010a). This phenomenon is not
just observed in the United States but worldwide. “The cultural movement that has
produced this non-scientific worldview in America has been gaining strength in other
countries in recent years” (O’Brien, Wilson, & Hawley, 2009, p. 445).
Misconceptions regarding biological evolution and lack of acceptance of
evolution though seem to be a greater problem in the United States than in western
Europe or Japan. Miller, Scott, and Okamoto (2006) compared survey results in the
United States from 1985 to 2006 with results from 32 countries in Europe and Japan
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regarding understanding of evolution. One of the surveys in use since 1985 in the United
States allows respondents only to respond “true” or “false” to the statement, “Human
beings, as we know them, developed from earlier species of animals”. Results in the
United States from this survey taken over the last 20 years show that:
The percentage of U.S. adults accepting the idea of evolution has declined
from 45% to 40% and the percentage of adults overtly rejecting evolution
declined from 48% to 39%. The percentage of adults who were not sure
about evolution increased from 7% in 1985 to 21% in 2005. (Miller,
Scott, & Okamoto, 2006, p. 765)
When comparing these results to other countries in Europe and also Japan, there was
significantly more acceptance of evolution among adults in the European countries and
Japan than among adults in the United States. Of the countries surveyed, only Turkey,
had a lower percentage of acceptance regarding evolution than the United States, 32 other
countries had a higher percentage of acceptance (Miller, Scott, & Okamoto, 2006).
In 2002-2003, adults in the United States and nine European nations were
surveyed using the same statement, “Human beings, as we know them, developed from
earlier species of animals”. This time though, instead of allowing responses of “true” or
“false”, possible responses were “definitely true”, “probably true”, “probably false”, or
“definitely false”.
The results confirm that a significantly lower proportion of American
adults believe that evolution is absolutely true than adults in nine
European countries. A third of Americans indicated that evolution is
‘absolutely false’; the proportion of European adults who thought that
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evolution was absolutely false ranged from 7% in Denmark, France, and
Great Britain to 15% in the Netherlands. (Miller, Scott, & Okomoto,
2006, p. 765)
Reasons for Lack of Acceptance of Evolution
Wiles and Asghar (2007) discussed the problems that the teaching of evolution
has encountered and asserted that:
The teaching and learning of evolution has faced difficulties ranging from
pedagogical obstacles to social controversy. These include two distinctive
sets of problems: one arising from the fact that many evolutionary
concepts may seem, at least initially, counterintuitive to students, and the
other deriving from objections rooted in religion. (p. 167)
Many scientists have traditionally argued that the reason for the lack of
understanding and acceptance of evolution is religious in nature. It is true that religious
views have been shown to play a role in this problem (Miller, Scott, & Okomoto, 2006;
Wiles & Alters, 2011). However, some believe that the lack of understanding in the
general public is due to a fundamental problem with science education in the United
States. Nelson’s (2007) opinion is that the failure of science education regarding the
teaching of evolution and other major scientific concepts can be seen most clearly in the
government of the United States. He argues that the leaders of government almost
invariably have at least a Bachelor’s degree and in many instances higher degrees as well.
Undergraduate education is supposed to include a basic foundation in scientific principles
and scientific thought. The evidence though in this population shows that there may be a
problem with the way science is taught.
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In the United States, some of the most egregious examples of educational
failure are public and governmental responses to evolution as a central
scientific concept, to its inclusion in pre-college science education, and to
issues where an evolutionary perspective is central to effective policy
(e.g., management of HIV and tuberculosis, response to ‘bird flu’, and
crop development and management). (Nelson, 2007, p. 265-266)
Difficulties encountered in the Teaching of Evolution
Regrettably, even though the NAS has recommended the use of evolution as a
theme in biology courses, most general biology courses from high school through college
do not use evolution as an overriding theme. Why the dichotomy? The answer is
complex. Evolution is a very difficult concept to teach for many and varied reasons.
Some current general biology textbooks do not often use evolution as a theme throughout
the text (Linhart, 1997). Many biology teachers from high school to college rely on
textbooks for at least a portion of their courses. Depending on the instructor, textbooks
are used as integral learning tools or as supplements or anywhere in between.
Examination of popular biology textbooks at the high school and even the college level
have shown that even textbooks do not always do a good job presenting evolution to their
audiences.
An extensive review of textbooks regarding coverage of the topic of evolution
was undertaken by Linhart (1997). In this work, 50 college textbooks were examined.
These books were selected from major areas of biology where evolution should be treated
as an integral component. Major textbooks used for general biology courses for majors,
general biology courses for nonmajors, evolutionary biology, ecology, genetics,
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paleontology, and systematics were analyzed. Linhart examined each book’s treatment
of the definition of evolution in comparison to a “descriptive baseline definition that
(was) intended not to be comprehensive but rather to represent some of the issues that
need to be addressed when discussing what evolution is and is not” (Linhart, 1997, p.
387). Linhart defines several features of evolution considered to be of particular
importance, for example, the definition of evolution is not the same as the definition of
natural selection. The results were troublesome in that many textbooks had different
problems regarding the treatment of evolution. Some of the books failed to include even
a rudimentary definition of concepts such as evolution, natural selection, and adaptation.
Some included definitions but these were poor when compared to Linhart’s definition.
Again, for example several textbooks equated evolution with natural selection. Linhart
concludes that the lack of correct treatment of the concept of evolution in many of these
books is “a matter of grave concern because a proper understanding of evolution as the
defining framework of modern biology is essential for all students of biology…Without
this understanding, biology becomes just a collection of factoids” (Linhart, 1997, p. 390).
In 2007, Hillis examined textbooks used in high schools in Texas for ninth grade
biology up to the advanced placement courses for biology. In particular he examined the
books for the approach to the concept of evolution. He found that although the textbooks
contained correct information the “evolutionary biology coverage was not nearly as
exciting as it could be, and the relevance to evolution to everyday life was not
emphasized” (Hillis, 2007, p. 1262). In addition, he found that many of the books did not
use evolution as a focal point for the biology text but in many instances as a separate,
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independent chapter (Hillis, 2007). It seems then that textbooks are not always helpful in
providing accurate and relevant information regarding evolution.
Teacher Misconceptions Regarding Biological Evolution and Teaching Evolution
The difficulties associated with the teaching of biological evolution are broad
ranging from misconceptions of a religious and nonreligious nature to methodological
problems as well. Before 2000, there were few studies conducted on the problem with
teaching of evolution. In the last ten years, more research has been conducted on several
fronts to elucidate the causes of the problems and to begin to try to correct these
difficulties. One of the major areas of research has been regarding the perceptions of
different groups regarding evolution. It has been suggested that one of the ways that
teaching can improve in the area of evolution is to understand the attitudes and
perceptions of individuals regarding evolution (Alters & Nelson, 2002).
Some research has been conducted into various populations within the educational
realm. Work has been done examining the perceptions and attitudes of practicing and
pre-service teachers regarding their personal attitudes about evolution and their feelings
about teaching evolution in their classrooms. In 2007, Asghar, Wiles, and Alters
published results from a sample of elementary pre-service teachers. The focus of the
study was to look at the understandings of these individuals regarding evolution. In
addition, gathering data about how these prospective teachers felt about teaching
evolution in their classrooms at the elementary level was another goal of the work. The
participants were students in a basic science class at a predominant Canadian University
who were preparing to teach grades K-6 mainly in Quebec. Data was collected in two
ways. First, eight students were voluntarily interviewed. The results from the interviews
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informed the structure and questions asked in the survey which was the second method of
data collection. The survey was composed of both closed and open-ended questions and
was administered to the students at the conclusion of the course. Sixty-eight percent of
the students enrolled in the course completed the survey. The interview questions were
generally structured to elicit in-depth information about student understanding of
evolution and whether religious feelings influenced their understanding. During the
courses of the interviews, students were also asked to discuss their concerns about
teaching evolution in their future elementary classrooms.
The survey was composed of demographic questions, questions on student
acceptance of evolution, understanding of evolution, and potential use in their future
classrooms. The survey results indicated that although students had most of their formal
education in high school, “the majority (57%) said that it was ‘barely’ or ‘poorly’
covered” (Asghar, Wiles, & Alters, 2007, p. 196). For the questions regarding their
intent to teach evolution in the elementary classrooms, students who had a greater
number of post-secondary classes in science were significantly more likely to indicate
their intent to teach evolution in the elementary classroom. In addition, those students
who indicated that they accepted evolution were significantly more likely to indicate their
intent to teach evolution in the elementary classroom as well. When asked about their
concerns in teaching evolution, roughly 22% were concerned about parent opposition due
to potential conflicts in religious beliefs, 26% felt that their teaching of evolution and
student/parent religion may be incompatible. Some students indicated concern about
pedagogy, including what to teach at various grade levels and how to teach it. A smaller
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number of students, less than 7%, were concerned with their own lack of content
knowledge and understanding.
The interview results were particularly useful to the researchers not just in
informing the quantitative piece of the study but also in eliciting information regarding
students’ actual understanding of evolution. The results indicated that the students as a
whole lacked understanding of important concepts regarding evolution and only had
“vague” understandings of the fundamental theory of evolution. When discussing how
they would bring evolution into their future classrooms students again had vague ideas.
Most hoped to teach this topic through a hands-on ‘constructivist’
pedagogy by ‘bringing in animals and plants’ to the classroom, ‘visiting
the zoo’, and ‘showing fossils’ to enable students to compare and discuss
the similarities and differences among different living organisms. None of
them included an evolutionary explanation while discussing their
pedagogic ideas to facilitate children’s understanding of the relationships
among living organisms. Most said that their first step would be to
improve their own understanding of evolution. Several participants
mentioned that they would consult internet resources related to evolution.
(Asghar, Wiles, & Alters, 2007, p. 203)
This study demonstrates that although many of the students agreed that biological
evolution is an important concept and should be taught, many had faulty or incomplete
understanding of evolution. In addition, although many students indicated their intent to
teach evolution, many did not have a clear idea of how that could be accomplished in the
elementary classroom. The lack of pedagogical knowledge regarding the teaching of
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evolution coupled with lack of understanding regarding evolution supports the
importance of teacher training in both of these areas to improve elementary teaching
regarding evolution (Asghar, Wiles, & Alters, 2007).
Some research has also been done on the perceptions among high school biology
teachers regarding their understanding of evolution, the nature of science, and their
personal acceptance of evolution. In 2000, Rutledge and Warden published a study
regarding these perceptions among public high school biology teachers in Indiana. Five
hundred fifty-two teachers participated in the 68 item survey which was broken into three
sections. One section was designed to elicit responses regarding acceptance of evolution,
the second was designed to look at teacher understanding of evolution, and the third to
examine teacher understanding of the nature of science. The last two sections of the
survey were modified from existing instruments. The first section was developed by the
researchers. Fifty teachers participated in an initial test of the survey and they were not
part of the 989 teachers subsequently solicited for the study. The results indicated that
teacher acceptance of evolution and their understanding of both the nature of science and
evolutionary theory specifically were only “moderate”. Not surprisingly, when the
researchers looked at correlations among the three measures results indicated that higher
teacher acceptance of evolution correlated with better understanding of both the nature of
science and evolutionary theory. The researchers report that:
Distressingly, the results from this study reveal that Indiana public high
school biology teachers have a relatively low acceptance of evolutionary
theory, in league with that reported among the general public rather than
that found among the scientific community. . . . Yet it is not surprising that
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teacher acceptance of evolutionary theory was relatively low, given the
low levels of teacher understanding of evolutionary theory and the nature
of science – the two constructs that must be understood if informed
decisions of acceptance or rejection are to be made. (Rutledge & Warden,
2000, p. 29-30)
Rutledge and Warden go on to say that results from this and other studies indicate that
high school biology teachers may need better preparation themselves in the nature of
science and evolutionary theory in particular. Stronger academic preparation in
secondary and post-secondary school for these individuals in content and nature of
science knowledge may be warranted. (Rutledge & Warden, 2000)
In a follow-up to the 2000 study, Rutledge and Mitchell (2002) again studied the
population of Indiana public school biology teachers in regard to their attitudes and how
they structure and teach evolution in their classrooms. Again, a closed response survey
was administered to this group of teachers. Five hundred fifty-two of the 989 teachers
completed the survey designed to examine these teachers’ acceptance, their own
academic background, and their individual teaching of evolution. Survey questions were
designed to determine how many courses these teachers took during their post-secondary
school careers, both undergraduate and graduate in the biological sciences in general,
evolution specifically, and also the nature or philosophy of science. Analysis of each
question of the survey elicited much information. One of the most disturbing pieces of
evidence though is that one-third of the teachers in the survey indicated they spend fewer
than three days teaching evolution in their classrooms. Through chi-square analysis of
the data, significant associations were discovered between an increase in the number of
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courses of biological sciences and the teachers’ acceptance of evolution. In addition,
significant associations were uncovered between teachers taking a nature or philosophy
of science course and the teachers’ acceptance of evolution. “The distribution of the data
reveals a distinct pattern of increased teacher acceptance of evolutionary theory with
increased subject matter preparation” (Rutledge & Mitchell, 2002, p. 22).
A second methodology employed in this research was a concept mapping activity
for the teachers completing the survey. Teachers were asked to create a concept map
demonstrating their own personal understanding of evolution. Teachers were presented
with a rationale of using the idea of concept mapping as a technique and an example
concept map. Of the 552 teachers completing the survey, 235 also completed the concept
map. The researchers felt that the concept map would provide more information
regarding teachers’ actual knowledge structure about evolution. In the survey, teachers
were asked about specific concepts within evolutionary theory, but concept mapping gave
them an opportunity to demonstrate their own knowledge structure without prompting
from the questions.
Concept maps were examined in three categories, “nonacceptance”, “undecided”,
and “acceptance”. They were put in these categories based on their answer to a question
on the survey asking, “Do you accept evolutionary theory to be a scientifically valid
explanation of the state of living organisms of the present and past?” The researchers
noted that the proportion of teachers completing the survey and the concept map was
similar to the proportion completing just the survey in terms of acceptance and
nonacceptance. Examination of the concept maps led to several generalizations regarding
the three groups. First, in the nonacceptance group, the concept maps tended to be less
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detailed and evolution was described in various ways as a “hypothesis” or “just a theory”.
In the undecided group, the concept maps were slightly more detailed but there was still
evidence of the idea of evolution being “weakly supported by evidence” or “just a
theory”. There was also evidence of evolution vs. creationism thinking. In the
acceptance group, the concept maps were the most detailed with types of evidence and
often the concept of “speciation” was included.
Rutledge and Mitchell (2002) conclude that:
The data from this study suggest that the topic of evolution does not
receive appropriate emphasis in the high school biology curriculum. . . .
Clearly, the status of evolutionary theory as the central and unifying theme
of biology is not reflected in the teaching of a disturbing number of
Indiana public high school biology teachers. (Rutledge & Mitchell, 2002,
p. 25)
The researchers suggest that better preparation of these teachers is necessary to change
the state of evolution education at the high school level. Not only do the authors suggest
that teachers’ academic preparation must be strengthened in the areas of evolution and
the nature of science, but also teachers need to have access to pedagogical tools to help
them with their teaching of evolution in their own classrooms (Rutledge & Mitchell,
2002).
What these studies seem to have in common is that the attitudes and perceptions
and even misconceptions held by the general public are often also held by the teachers
themselves. This obviously needs to be addressed. Arguably, education is the key.
Student Misconceptions Regarding Biological Evolution
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Another group of individuals that have been studied regarding attitudes and
perceptions about evolution is students themselves. Studies have been conducted
utilizing many different populations of students from elementary, middle, or high school
students, to undergraduate biology majors, undergraduate non-biology majors, and even
graduate school students. One study that looks at high school students and their attitudes
towards evolution was done by Donnelly, Kazempour, and Amirshokoohi (2009). The
goal was to examine how high school students feel about evolution and their experiences
with evolution instruction. An additional goal of the research was to investigate whether
students that accept evolution have different feelings regarding evolution instruction
versus those students who do not accept evolution.
The study was a mixed methods design using The Measure of Acceptance of the
Theory of Evolution (MATE) survey as the quantitative piece and interviews of selected
students as the qualitative piece. The quantitative piece was mainly used to inform the
research question regarding students’ acceptance of evolution. The qualitative piece was
used to provide in-depth responses to what types of evolution teaching they have been
exposed to in their school careers and how they felt about these experiences and their
views on whether evolution should be taught and at what level. A total of 100 students
were asked to participate but only 30 students out of the 100 participated in the study.
These students may represent a biased sample because these are the students that returned
their permission slips and actually completed the survey. Of the 30 students participating
in the survey, 17 were selected for interviews.
The results of the MATE survey suggested that “students were most accepting of
scientists’ support of evolution and geological time and least accepting of evidence,

29

scientific validity, organismal evolution, and human evolution” (Donnelly, Kazempour,
& Amirshokoohi, 2009, p. 649). The MATE survey results were also used to
differentiate those who accept evolution and those who reject evolution. The authors
refer to these two groups as “acceptors” or “rejectors”. Of the 30 students, 18 were
classified as “rejectors” and 11 were classified as “acceptors”. The interviews generated
quite a bit of qualitative data. In terms of students’ learning experiences regarding
evolution, the vast majority of the students indicated that their learning experiences
regarding evolution were positive. This did not always correspond with acceptance of
evolution. Except for one student their experiences in the classroom were positive. Most
of the students also indicated that they first were exposed to evolution in elementary or
middle school, with a few students saying that they could not recall their first exposure.
Most students also indicated that they first heard about evolution in school, with only a
few saying they heard about it at home. For some students their acceptance or rejection
of evolution was strongly influenced by an authority figure’s feeling about evolution, a
parent or teacher for example.
The interview responses regarding how students felt about whether evolution
should be taught in high school indicated that the majority believed that it should be
taught. The reasons given for why evolution should be included in the high school
biology curriculum ranged from the need to learn “an important part of scientific
research” to evolution being “central to the study of biology”. When asked how
evolution education could be improved, a number of students indicated a need to include
other alternatives to evolution in the teaching. In addition, several students indicated a
need for better teaching tools. For example, several students mentioned the need for
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“visible” or “physical” evidence. One student indicated that dissection allowed them to
observe structures that evolution helps to explain. Several students related the need to
have “hands-on” activities and another student “said that ‘just listening’ in class was not
enough to understand evolution, and experiments were essential” (Donnelly, Kazempour,
& Amirshokoohi, 2009, p. 654).
The authors describe their work as “exploratory” with a variety of potential
directions for future research. Studies have also been conducted examining various
aspects of evolution acceptance and understanding in college students. These studies
range from biology majors to nonmajors, freshmen to seniors, and students from the
United States and outside of the United States. As mentioned previously religious factors
often play a role in student acceptance of evolution. One study done to investigate how
religious views impact students’ perspective of biological evolution was performed by
Dagher and Boujaoude (1997) using students in a university in Beirut, Lebanon as
participants.
The students were all senior undergraduate biology majors enrolled in a majors’
seminar course. There were two methods of data collection. First the students were
asked to respond to three open-ended “essay” questions. Sixty-two of the students in the
seminar course responded to the questions. The three questions were:
1. List the major principles of the theory of evolution. Use examples to clarify
your answer.
2. Do you believe that the theory of evolution presents a conflict between science
and religion? Explain in detail.
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3. Does the theory of evolution clash with your own beliefs about the physical
and biological world? Discuss in detail.
Following the responses to the questions, fifteen of the participants were chosen
for follow-up interviews. Students were selected to include a variety of faiths as well as a
variety of perspectives about the conflict. Results from the three essay questions
generated a wealth of different responses and information. Regarding the major
principles of evolution the majority of students named at least survival of the fittest and
natural selection. Within the responses to this question a number of common
misconceptions were identified as well. Examining the responses to questions two and
three of the survey, the authors categorized the responses into four different positions.
These positions included, “accepted evolutionary ideas presenting arguments from an
evolution or reconciliation perspective, did not accept evolutionary ideas presenting
arguments from a religion or antievolution perspective, reinterpreted the theory
presenting arguments from a compromise perspective, and were neutral, reflecting either
a noncommitted or a confused perspective” (Dagher & BouJaoude, 1997, p. 434).
The authors propose two major recommendations from the analysis of the results
of their work. First, courses in the nature of science may help to correct some of the
major misconceptions regarding evolution and other major scientific concepts. Secondly,
the authors suggest that teaching of concepts such as evolution can only be successful and
long-lasting if students existing beliefs are taken into account.
Despite continued efforts to improve teaching of evolution via the use of
various instructional tools . . . efforts are not likely to effect major
cognitive differences in students without actively engaging – neither
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ignoring nor fighting – other factors that underlie their resistance to the
ideas about evolution” (Dagher & BouJaoude, 1997, p. 441).
Misconceptions, religious, nature of science, or otherwise, can be a significant
barrier to learning about evolution. Wescott and Cunningham (2005) looked at the
misconceptions of students regarding both the nature of science and evolutionary theory
in an introductory biological sciences course, Introduction to Biological Anthropology.
The students enrolled in this course were all undergraduate university students and the
majority were nonscience majors. The work was conducted over a series of three
semesters with a total of 547 students participating. On the first day of classes of each of
the semesters, students were given a survey to complete anonymously. The survey
included demographic questions and questions regarding their high school and college
science background and whether or not they had ever been taught about evolution in any
of their background courses. The second part of the survey was composed of 25
statements that the students had to respond to with either strongly agree, agree, disagree,
strongly disagree, or no opinion. Using the literature to inform the survey statements, the
authors were interested in examining:
Students’ conceptions regarding 1) the nature of science, 2) the survival of
new traits in a population, 3) support of Lamarckian inheritance, 4)
appreciation of the importance of

variation within a population, 5) the

process of natural selection, 6) terminology that has different meanings in
the vernacular and in science, and 7) the idea of teleological evolution.
(Wescott & Cunningham, 2005, p. 2)
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A few of the significant findings of the research with regards to the demographic
and background portion of the survey included the result that over 25% of the students
responding indicated that they had no exposure to evolution in their high school
classrooms. Just over half of the students responding to the survey (51%) indicated that
they had been taught evolution in high school without creationism also being presented.
Regarding the second portion of the survey that included statements to elucidate student
misconceptions in a variety of areas surrounding evolution, a number of significant
misconceptions were identified. One of the goals of the authors was to compare the
results of their population, students enrolled in the Introduction to Biological
Anthropology at the University of Missouri – Columbia, to the results seen be other
researchers using different populations. In particular the authors compared their results
to those seen by Bishop and Anderson (1990) using a population of Michigan college
students and Wilson (2001). In fact the survey questions used by Wescott and
Cunningham were modified from surveys used by Bishop and Anderson and Wilson so
comparisons could be made between the studies. The authors indicate that although the
misconceptions that were identified in this work were very similar to the misconceptions
identified by others, “the pattern of misconceptions” was different (Wescott &
Cunningham, 2005, p. 5).
For example, with regards to variation being an important feature of evolution of
species by the mechanism of natural selection, Bishop and Anderson (1990) found that
the majority of students did not think variation among individuals was important.
However, Wescott and Cunningham found that the University of Missouri students
overwhelmingly considered variation an important feature of evolutionary theory, (83%).
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Interestingly, even though they considered it important according to the authors, many of
them “do not fully understand the role of variation” as evidenced by another question on
the survey (p. 6). Another significant finding was the indication that many students have
difficulty with terms that are used differently in scientific circles versus how they are
interpreted in general vernacular. For example, the term theory in the vernacular often
means a “best guess” whereas in science a theory has strong evidence and has been
tested.
The authors stress that the recognition of misconceptions regarding both the
nature of science and evolution are key pieces of information for teachers as they try to
promote understanding of the evolutionary theory among their students and the
importance of evolutionary theory as a central theme in the biological sciences (Wescott
& Cunningham, 2005).
The research by Wescott and Cunningham (2005) was done on a population of
students that were mostly nonscience majors. Nehm and Reilly (2007) examined biology
majors understanding and misconceptions regarding natural selection, a major component
of evolutionary theory. In addition, the authors looked at the differences in
understanding and misconceptions among students in an “active learning” class versus
those in a more “traditional” class. The participants in the study were students enrolled in
two different classes of second-semester introductory biology class for biology majors.
The authors point out that the demographics of the classes were slightly different than
some previous research into evolution education “in that it comprises mostly minority
undergraduate biology majors, slightly older students, and a greater proportion of
females” (Nehm & Reilly, 2007, p. 264).
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The students participated in a survey with open-ended questions at the beginning
of the second semester classes. Subsequently the two classes were taught with different
methods. One class was taught using an active-learning model with evolution permeating
the entire course and the other was taught in a more traditional lecture model with
evolution being taught as a single unit amongst others. At the conclusion of the semester,
students in both classes were again administered the survey. Results prior to the course
were compared to those after the course. The instrument was composed of questions to
solicit demographic information, as well as information regarding whether or not students
had heard of or been taught about natural selection. The last six questions were openended essay type questions which began with the simpler more recall-type questions to
more complicated problem-solving higher order questions at the end. Students were told
to answer the questions as completely as possible and their answers were coded regarding
how many of the key concepts regarding natural selection were used in their answers. In
addition, misconceptions were identified in the students’ essay answers and coded
according to commonly identified misconceptions from the literature.
Results of the survey given at the beginning of the semester indicated that
although the vast majority of students answered that they had heard about and been
taught about natural selection in school, only 3.2% of the students in the class labeled as
the ‘active-learning group” used four or more of the seven concepts that the authors
identified as key concepts regarding natural selection when answering the essay questions
in the survey. The researchers used the key concepts and misconceptions identified to
come up with a score for each student called a natural selection performance quotient
(NSPQ). Both classes of students showed similar identification of key concepts and
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misconceptions in the surveys taken before the course began. At the conclusion of the
course, students’ average NSPQ showed significant increase when compared to the “precourse” results. There was no significant difference shown between the average NSPQ
“post-course” for students in the “active-learning class” when compared to the
“traditional-learning class”. However there was a significant difference between the
number of students scoring an NSPQ over 65 “post-course” between the two classes.
74% of the students in the ‘traditional-learning class” scored an NSPQ over 65, while
85% of the students in the “active-learning class” scored an NSPQ over 65.
Regarding misconceptions about natural selection, both groups saw a significant
decrease in the “frequency” of misconceptions in their essay answers. However, for both
groups there was no significant decrease in the “diversity” of misconceptions between
“pre and post course”. The authors sum up their research as demonstrating “that active
learning and an evolution-infused introductory biology curriculum provide significant but
still woefully limited learning gains” (Nehm & Reilly, 2007, p. 271).
Obviously if the misconceptions and incorrect perceptions of any of these groups
are going to be corrected, education is the key. As mentioned earlier, evolution is a
difficult subject to teach. There are a variety of factors that have lead to the
misconceptions of individuals. There are clearly religious factors to consider. In a study
conducted with participants in a large introductory biology class over a period of 12 years
and as a comparison one class of medical students at the University of Glasgow, the
authors Downie and Barron (2000) investigated the how and why students may reject
biological evolution. They surveyed students in a large introductory biology class at the
conclusion of the time spent studying evolution in the course. They administered this
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survey every year for eight years. They noticed that during that time the trend was a
decrease in the number of students identifying themselves as rejecting the idea of
biological evolution. In order to compare this data, the authors then surveyed first year
medical students at the beginning of their medical school career. Although the medical
students do not participate in any courses teaching evolutionary biology during their
medical school preparation, their backgrounds in school prior to university are considered
to be similar to the schooling of the students surveyed in the introductory biology classes.
The results of the medical students’ survey indicated that the percentage of rejectors of
biological evolution was more than two times higher than the rejectors in the same year’s
introductory biology class.
The authors point out that although the tendency is “to think of anti-evolutionary
thinking as a mainly American trait, it is salutary to find as many as 11 percent of a UK
university class rejecting the occurrence of biological evolution” (Downie & Barron,
2000, p. 3). However, analysis of the students in classes of introductory biology only
over a period of 12 years showed that via a Spearman correlation there was a significant
decline in the percentage of students rejecting evolution.
Reasons for Students’ Nonacceptance of Evolution
In the Downie and Barron (2000) study described above another goal was to
determine the reasons students may have for nonacceptance of evolution. Consistently
the most chosen response for the reasons for rejecting evolution was religious in nature.
In fact, “evolution-rejectors were significantly more likely to have a religious belief (t =
9.7; p < 0.001) and with a very large percentage difference” (Downie & Barron, 2000, p.
5). The survey was modified somewhat after the first four years of data collection to
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include a question asking students to indicate their religion. “Two points stand out: first,
the relatively high proportion of Muslims amongst the rejectors; second, the proportions
of different sorts of Christians” (Downie & Barron, 2000, p. 5). The researchers point
out that the question regarding type of religion did not require that students indicate:
Their branch of Christianity, but many did, and it is common usage for
those who belong to the evangelical, Protestant churches to label
themselves as ‘Christian’, rather than Protestant; similarly, Catholics tend
to state their Catholicism, rather than writing Christian. ‘Christians’
tended to be a higher proportion of the rejectors compared to acceptors,
and Catholics correspondingly lower. (Downie & Barron, 2000, p.5)
In addition, there are non-religious resistances to evolution. Student
preconceptions and misconceptions regarding science in general and evolution
specifically can create resistance to learning that students may or may not be consciously
aware of. Every student enters the science classroom at any level with prior experiences
and knowledge. These can create significant barriers to learning. Many of these
misconceptions have already been discussed from the literature regarding student
perceptions of evolutionary theory. According to Alters (2005), misconceptions can be
placed into five major categories. The categories he identifies are, from-experience
misconceptions, self-constructed misconceptions, taught-and-learned misconceptions,
vernacular misconceptions, and religious and myth-based misconceptions. With the
exception of the last category, each of the others represents misconceptions with no
significant tie to religious issues, yet they can create significant resistance to the learning
of evolution.
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Alters (2005) discusses a study that elucidates some of the major misconceptions
nonbiology majors hold about evolution. This study identifies three major
misconceptions students hold regarding evolution. First, “students thought that the
environment itself (rather than genetic mutation, sexual recombination of genes, and
natural selection) causes traits to change over time” (Alters, 2005, p. 32). A second
misconception identified was that “students did not view genetic variation as important to
evolution, even though such variation is essential to evolution taking place” (Alters,
2005, p. 33). Lastly, a third misconception that can affect student learning regarding
evolution is that “students viewed evolutionary change as gradual and progressive
changes in traits, rather than as a changing proportion of individuals with discrete traits”
(Alters, 2005, p. 33). As Alters goes on to discuss, it is important that teachers of science
at all levels understand where their students are coming from. Obviously religious issues
can be and often are a part of some students’ nonacceptance of evolution. However, it is
equally important for instructors to understand that the issues students have
understanding and accepting evolution can be outside of the religious controversy.
Another non-religious issue that complicates the teaching and learning of
evolutionary theory is misconceptions regarding the nature of science. As Alters (2005)
points out, one of the most common misconceptions that students hold is that evolution is
“just a theory”. This misconception falls into Alters category of vernacular
misconceptions because the word “theory” is used quite differently in everyday language
as compared to as a scientific concept. As previously mentioned in 1998, the National
Academy of Sciences published the treatise entitled Teaching about Evolution and the
Nature of Science (NAS, 1998). Alongside the recommendation that teachers use
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evolution as a central theme of any biological course, is the recommendation that students
also need a stronger background in the Nature of Science (NAS, 1998). Misconceptions
regarding the Nature of Science continue to be problematic in many areas of science but
evolution teaching seems particularly susceptible to misunderstandings of students in this
area.
Methodological Problems
In addition to all of these difficulties are the methodological problems involved in
teaching biological evolution. From a pedagogical point of view, evolution may be one
of the most challenging concepts in the biological sciences for students to grasp.
Methodologically, teaching evolution requires the ability to get students to higher orders
of thinking. Instructors, particularly at the undergraduate level, often teach students
using primarily a lecture approach. Lecturing, even when done well, is an approach that
many students find difficult especially in an area such as evolution. “Many students are
strikingly limited in their ability to reason with abstractions. Therefore, they have
significant difficulty understanding many college lectures that instructors perceive to be
straightforward and level-appropriate” (Alters & Nelson, 2002, p. 1893). Lecture
technique allows for students to be passive learners and often their attention wanes
sometimes after as little as ten minutes. In addition, many instructors assess the learning
of their students using traditional testing methods that often evaluate student learning at
the knowledge-level, but fail to evaluate students at the higher orders of thinking. Since
critical thinking skills are such an important part of students’ understanding of evolution,
these traditional testing methods often fall short of truly evaluating students’
understanding of evolution (Alters & Nelson, 2002).
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Instead of analyzing evidence . . . students often just passively receive
knowledge from authorities – professors. To become active learners,
students need professors to use methods that involve them in grasping
important concepts, but only 10-30% of professors use methods other than
traditional lectures as their primary pedagogy (Alters & Nelson, 2002, p.
1894).
Pedagogical practices in undergraduate education continue to be traditionally lecturebased. This persists despite strong evidence that “traditional teaching is not very
effective in college and university classes in science and other disciplines” (Nelson,
2008). Nelson goes on to discuss the evidence that alternative approaches to education in
various scientific disciplines can create greater gains in learning of scientific concepts
than the traditional lecture approach. He advocates a change in the way science is taught
at the undergraduate level to increase student gains in critical thinking skills and
understanding of the Nature of Science, both of which are paramount to an understanding
of biological evolution (Nelson, 2008).
Changes in Pedagogical Approach
In order to produce college graduates, biology majors and non-majors, with
knowledge about and even interest in evolution and its implications there is need for
change in pedagogy. Methods need to be changed to bring about these goals. Nelson
advocates three fundamental changes in pedagogy at the college level, “use structured
active learning extensively . . . focus on scientific and critical thinking . . . and directly
address misconceptions and student resistance” (Nelson, 2008, p. 214, 217, 218). In an
effort to realize these goals, David Sloan Wilson with colleagues at Binghamton
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University and later other institutions developed a campus-wide program called EvoS.
This program is not merely run within the biology department, but encompasses many
areas and faculty from other disciplines as well. EvoS was first instituted at Binghamton
in 2002. Since then it has continued to grow. Other institutions have followed the model
of EvoS and similar programs have been instituted at these campuses since 2002.
Wilson argues that regarding evolution there are “two walls of resistance, one
denying the theory altogether and the other denying its relevance to human affairs”
(Wilson, 2005, p.364). The goals of the EvoS program are to tear down these two walls
of resistance by increasing interest, acceptance, and knowledge for all students regarding
biological evolution. Although the program has become campus-wide and includes a
variety of activities from freshman through senior year, the goals of EvoS can be
accomplished in a single-course. Dr. Wilson teaches a single course entitled “Evolution
for Everyone” which requires no prerequisites. Several assessments were conducted
during the 2003 iteration of Wilson’s course to determine its effectiveness towards
reaching the goals set forth. Student surveys at the beginning and end of the course
included questions on “religious and political orientation, prior exposure to evolution
education, and an assessment of general thinking skills without reference to specific
subject matter” (Wilson, 2005, p.365). At the end of the course, students completed
course evaluations. During the course of the semester, students wrote several essays
which were “analyzed for words associated with cognitive operations using the software
Linguistic Inquiry and Word Count” (Wilson, 2005, p. 365).
The results were very positive regarding the impact of the course on changes in
students’ knowledge, cognition, and interest in evolution. As Wilson describes though,
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even more important than the before and after survey results quantitatively were the
responses written anonymously especially in the end of course evaluations. The numbers
support an increase in critical thinking as measured by the software across religious and
political ideologies. The data also show that students that had previous scientific
background demonstrated considerable gains similar to those who had little scientific
background. The open-ended responses were equally telling. “I have always agreed with
evolution but I did not know how much of everyday life was affected by it.” “I came into
the class not knowing a lot about evolution. I now have an entirely new outlook on how
evolution can be applied to many aspects of life.” These are just a few of the responses
that demonstrate the effectiveness of this course. The quantitative and qualitative aspects
of this study support one another.
In the Fall of 2009, the “Evolution for Everyone” course was again evaluated.
This time students enrolled in the class were assessed using a survey, Evolutionary
Attitudes and Literacy Survey, developed by Hawley and Parkinson (O’Brien, Wilson, &
Hawley, 2009). Students participated in the survey before any course content was taught
at the beginning of the course and again at the end of the course. The purpose of the
survey was to gather data regarding student beliefs, attitudes, and knowledge about
biological evolution as well as demographic data before and after the course. Within the
survey a number of questions also addressed student attitudes about the relevance of
evolution, which is a major goal of the “Evolution for Everyone” course. The results of
the analysis of the data demonstrate that both factual understanding and relevance
increased from the beginning to the end of the semester. This was the case for students of
all majors, although biology majors experienced the greatest gains. Factual
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understanding and relevance were both significant predictors of positive evolutionary
attitudes. This increased for students again of all backgrounds, religious, political, class
level, et cetera.
Although this study generated results that are supportive of the “Evolution for
Everyone” course, the course was not compared to any other interventions. Other tools
or interventions may well be just as or more effective than this course. However, the
ingredients that have made this course and the entire EvoS program successful are
components that can be examined in any potential intervention that seeks to accomplish
similar goals to the EvoS program.
Wilson’s ambitious and campus-wide EvoS program demonstrates that gains can
indeed be made in student interest and knowledge of evolution with a change from
traditional pedagogical approaches. In 2007, a special edition of the McGill Journal of
Education was published which focused on evolution education centered around three
themes: “the need for improved teacher training in pedagogical techniques and content
knowledge with regard to evolution, the need for effective classroom tools for teaching
evolution, and the need to confront specific issues related to social controversies
surrounding evolution education” (Wiles & Asghar, 2007, p. 168). Apparently, the need
for pedagogical tools to achieve the goals of evolution education is a vital area of
research.
Pedagogical Tools
Smith (2010a), in an extensive review of work done over the past decade in the
area of evolution education, discusses the interventions and tools that have been used in
the area of evolution education. Although Wilson’s EvoS program was not part of the
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review, various other intervention studies were summarized. The majority of these
interventions were either newly developed courses specifically designed to teach
evolution, the Nature of Science, or both to various target student audiences or they
represented pedagogical methods varying from the traditional lecture approach (Smith,
2010a).
Although varying methodological techniques and the development of new courses
have shown some promise. The development of pedagogical tools that can be used in an
existing curriculum and with little additional investment of an instructor’s time and
energy may be a more realistic goal that could have wider impact more immediately on
the state of evolution education. An example of such a pedagogical tool is The
Galapagos Finches, which is a software program which allows for students to interact in
an inquiry-based methodology (Crawford et al., 2005). Pre-service teachers enrolled in a
methods course for teaching high school science were exposed to a three-week unit on
evolution. The students used the interactive software in pairs. Each student was
administered a test of natural selection content developed by Bishop and Anderson
(1990) and two pairs of students were selected for audio-taping. The authors reported
that of the 21 students enrolled in the course, 18 of those students espoused problems
with understanding of natural selection and evolutionary theory at the beginning of the
three-week unit. At the conclusion of the unit, 67% of the students “demonstrated
movement toward enhancement of understanding evolutionary concept and a shift in
recognizing their own alternate conceptions” (Crawford et al., 2005, p. 623).
A similar technological tool for teaching evolution is an educational software,
Avida-ED (Pennock, 2007). “Avida-ED is a model system for observing evolution in
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action in the laboratory and classroom..Avida-ED (is) not a simulation but are both actual
instances of the evolutionary-mechanism” (Speth et al., 2009, p. 417). Speth and her
fellow researchers used the Avida-ED tool in one class of introductory biology. Students
(n = 194) were exposed to evolution and genetics prior to the use of the Avida-ED
program. In addition, students were given some general directives about the program and
completed homework assignments designed to help them use the program effectively.
Students were assessed both before and after use of the tool, using three instruments. The
first was the Conceptual Inventory of Natural Selection (CINS) developed by Anderson
et al. (2002). The other two were open-response questions developed by the researchers,
who referred to them as the “Dino Problem” and the “Concept Frame”. One hundred
twenty-four of the 194 students completed all the assessments and used the Avida-ED
tool. The authors found significant increases in learning when analyzing both the CINS
and the “Dino Problem”. They did find some continued misconceptions on both the
open-ended instruments. The results were positive regarding the gains from the tool
particularly in terms of gains in understanding of natural selection. However, the
researchers stressed that the use of the program took longer than the allotted class time
and had to be finished by the students on their own. Also of particular note, is the fact
that the instructor did “interact” with the students during their use of the tool and that the
interaction is an important piece of the study (Speth et al., 2009).
Another fairly extensive technological tool, an online website,
www.evolution.berkeley.edu, was developed for use at the K-12 level by both teachers
and students. The website is extensive encompassing many different pedagogical tools
that can be used at the elementary, middle, and high school levels (Scotchmoor &
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Thanukos, 2007). Several tools found as part of the website as a whole have been
evaluated at the K-12 level from both a teacher and a student perspective. The results
have been very positive both from the usefulness to teachers standpoint and in gains of
student learning about evolution as well (Scotchmoor & Thanukos, 2007).
One particular tool within the website has particular promise for use with an
undergraduate audience. This tool, entitled “Evo in the news”:
lets teachers, students, and the public keep up with the frontiers of
evolutionary biology by providing monthly updates on evolutionary
research that is making headlines and that demonstrates the relevance of
evolution to our lives. These updates highlight evolution in places both
unexpected (e.g. DNA fingerprinting, genetically modified foods) and
topical (e.g. SARS, the avian flu). (Scotchmoor & Thanukos, 2007, p.
235)
Smith (2009) argues that students:
are most interested in topics that are relevant to their lives outside of
school. Very useful sets of examples of evolution related topics that
should be interesting and relevant to the daily lives of students are to be
found in various excellent internet resources, including . . . ’Evo in the
news’. . . . The value of instruction

that includes the practical value and

application of a controversial theory has been highlighted by Mindell
(2006). (Smith, 2010a, p. 544)
“Evo in the news” then has the potential of being a useful pedagogical tool to use in the
teaching of evolution at the undergraduate level. The topics lend themselves to student
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interest while providing real-world examples of evolutionary biology beyond the
knowledge-level of concepts into the realm of critical thinking.
Use of Current Events in Pedagogy

The use of current events as a teaching tool has been explored in a variety of
disciplines. For an undergraduate audience, research has been conducted on the use of
this tool in English courses, psychology courses, economics courses, a variety of science
courses including the biological sciences and the list goes on (Bondos & Phillips, 2008;
Ianacone, 2001; McGhie, 1990; Miller, 2011; Mysliwiec, Shibley, & Dunbar, 2004;
Rider, 1992). For the biological sciences, current events and current research explained
in layperson vernacular can be obtained from newspaper, popular magazines such as
Time, Discover, etc., and various online sources (such as “Evo in the News”).
Past research has demonstrated that the use of current events can have significant
benefits for students at the college level. One such study, (Mysliwiec, Shibley, &
Dunbar, 2004), was conducted using undergraduate students enrolled in one of three
different biological sciences courses at a large public research university in the
northeastern United States. All three of the courses used in this study were “general
science education courses” for mainly nonscience major students at all levels of
undergraduate study. The authors describe the use of current events as an “active
learning” tool to “fully engage students in higher-order thinking skills” (Mysliwiec,
Shibley, & Dunbar, 2004, p. 24). Each of the courses uses current events in a variety of
ways within the course, but one thing remains constant. Students are required to read at
least four articles throughout the course of the semester pertaining to the content being
covered within the course. Most of these articles were obtained from The New York
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Times. As mentioned previously, articles were used a number of different ways
depending on the course and the instructors’ teaching styles. Course evaluations and
assessment of current events related assignments were examined for evidence of potential
benefits and drawbacks of the use of this tool in these courses. In addition, to course
evaluations, researchers asked students for comments specifically regarding the current
events usage in the course.
Many of the comments obtained in this study correlate with the goals of the use of
current events as a pedagogical tool. “Students often say the newspaper stimulates their
learning” (Mysliwiec, Shibley, & Dunbar, 2004, p. 27). Specific comments included, “’it
was interesting to read articles discussing topics that we had just learned about in class – I
actually understood what the writer was saying!’ . . . ’the journals help show us that
biology actually has something to do with our lives’” (Mysliwiec, Shibley, & Dunbar,
2004, p. 27). These comments are evidence of promoting increases in knowledge and
relevance of material. In other research conducted on the use of newspapers or current
events in college classes, other authors have written about the pedagogical benefits of
these types of assignments. In an earlier study, Rider (1992) concluded that “students
who appreciate the value of course material may be more motivated to learn” (Rider,
1992, p. 161). In addition, Knowlton and Barefoot (1999) stressed that “an intent of
newspaper assignments in a course is to help students connect with the subject matter”
(Mysliewiec, Shibley, & Dunbar, 2004, p. 27).
The use of current research in the field of the biological sciences in the form of
popular news articles is also an integral part of a pedagogical strategy named Just-inTime Teaching, JiTT. This methodology has been used in a variety of undergraduate
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college courses but more specifically in the sciences. In an article written by Marrs and
Novak (2004), the authors describe the use of this technique in the undergraduate biology
classroom.
Just-in-Time Teaching is a teaching and learning approach that combines
the best features of traditional in-class instruction with the communication
and resource potential available via the Web. . . . A key characteristic of
JiTT is the creation of a feedback loop between the classroom and the
Web using Internet ‘WarmUp’ assignments that are due prior to class
time. (Marrs & Novak, 2004, p. 49)
This recently developed technique was originally used in the undergraduate physics
classroom and has expanded to include many other disciplines since that time. This
strategy begins with the use of current research written in common layperson vernacular
from various internet sources. Students read the article and answer questions prior to
attending class. From there instructors use the responses from students in a number of
unique ways. Regardless, the goal of this strategy is obviously to increase student
learning and success.
The authors describe one of the extended uses of the current events articles as
“Good For” essays. Students read an article describing a practical and current application
of course material to a real world problem and must then write their own essay discussing
and critiquing the article in light of what they have learned in class. When students were
asked about their experiences with JiTT and the various components, “student reaction to
the GoodFor essays (was) extremely favorable. When asked to rate the GoodFor
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assignments, over 90% of the students questioned reported that the GoodFors made them
understand the relevance of science to their lives (n=170)” (Marrs & Novak, 2004, p. 56).
JiTT has been evaluated via “course attitude surveys, anonymous end-of-course
evaluations, and student focus groups” (Marrs & Novak, 2004, p. 57) for a number of
different courses.
In the biology courses where this technique was used cognitive gains were
evident. Students tended to show an average normalized gain of ~15% on
test questions about concepts that were discussed in class . . . an average
normalized gain of ~21% on test questions that were reinforced by back of
the book homework problems. However, students tended to show an
average normalized gain of ~52% on test questions that were reinforced
by WarmUp questions. (Marrs & Novak, 2004, p. 57)
Student comments were quite positive as well. One student summed up their experience
by noting:
I enjoy reading the “What is Biology Good For” assignments, I learn a lot
of details that I probably would not have known. The GoodFors help me
to connect biology to the real world and it is very incredible. I have not
yet had another class that helped connect the subject with the real world
(Marrs & Novak, 2004, p. 57).
The use of current events has become an important tool for researchers
investigating methods to teach nonmajors biology courses at the undergraduate level. At
Rice University, two investigators, Bondos and Phillips (2008), developed a team-taught
nonmajors biology course using current events as the basis for the entire semester. The
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impetus for the course development was the importance of educating the general public,
those individuals who will be forming and voting on policy regarding such biological
issues as, “cloning, stem cells, forensics, and transgenic organisms”. The authors
contend that:
The challenge in educating the general public is threefold: to teach basic
principles and methods that underlie active areas of research, to clearly
apply this fundamental knowledge to the ramifications of current science
and technology, and to develop and propagate a long-term interest in
science. (Bondos & Phillips, 2008, p. 22)
The problem with many non-majors biology courses is that there are so many
concepts to teach and terminology to learn, the instructors often do not have time to
include current research and applications into the curriculum. The course developed for
this study was based on the use of current events and graduate student lecturers who
could teach the students more at the layperson level, but incorporate current research
topics. Course evaluations were examined for both undergraduate student attitudes and
perceptions of the graduate student lecturers towards the format and learning in the
course based around current science events. The results of the investigation were very
positive regarding the use of the current events tool for teaching a nonmajors
undergraduate audience. The researchers found that a large majority of the students
found the course very interesting. Specific comments included,
‘This was a great class – I have learned so much’, ‘the (class) was made
to be dynamic and to connect in some way to our everyday social lives. I
appreciate their efforts and would recommend this course to others’,
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‘teaching some of the more interesting topics of biology to nonmajors is
great. I am very glad I took this class’. (Bondos & Phillips, 2008, p. 26)
The authors summarize this way; “the course stimulates a long-term interest in biology –
one of the highest measures of success for a nonmajors class” (Bondos & Phillips, 2008,
p. 27).
Miller (2011) conducted a research study on the use of current events as a tool for
assessment in two types of courses, a non-majors genetics class and a biology majors
microbiology class. For this study, a current events news article was given to the
students during the first week of class. Independently they had to read the article and
respond to questions prepared by the instructor that dealt with both “factual and
application style questions” (Miller, 2011, p. 1). The last week of classes students were
given the same article with the same questions to answer and the results were compared
from the pre and post-assessments. It is important to note that students were not given
the pre-assessment article or questions back so there was no review of the material prior
to post-assessment. The goal of the research was to determine if the students improved in
their ability to solve real world application problems. During the course of the semester,
current events activities were conducted. Students were assigned articles to read and
respond to independently, they were given some short articles to read and discuss during
class, and they had to find a current events article on their own and write a critique.
The results of this study showed that correct responses to the factual questions
and the application questions increased significantly from pre to post assessment.
“Average correct responses on the factual questions improved from 41% on the preassessment to 77% on the post-assessment. Average correct responses on the application
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questions improved from 14% to 63% (p < 0.001)” (Miller, 2011, p. 2). The students
were also given a survey with both Likert style and open-ended questions regarding the
course and the current events portion. Students overwhelmingly demonstrated positive
attitudes towards the use of the current events portion of the class. One student
responded, “I enjoyed the news articles, they helped me understand the information we
learned in class a lot more. I liked applying what I learned to real life situations” (Miller,
2011, p. 2).
The studies have shown that the use of current events in the undergraduate
biology classroom has a number of significant benefits. As Miller (2011) summarizes,
“current events can be used in numerous ways to help students connect classroom topics
to real life situations. They are readily available and can be adapted to any class or
student level” (Miller, 2011, p. 2).
Weaknesses and Gaps in the Literature
In Smith’s (2010a) review of evolution education interventions he summarizes
Nehm (2006) and Sadler (2005) discussing the shortcomings of research in evolution
education. “Instruction studies to date have been marked by: ‘remarkably small sample
sizes (n < 30), self-selected groups of participants, the absence of reliability data, the use
of instruments lacking validation, unrealistic intervention durations (1 week or less), the
lack of comparison or control groups, and practical intervention descriptions prohibiting
replication’” (Smith, 2010a, p. 558). It is important then that future research into the
usefulness of pedagogical tools in the teaching of biological evolution address these past
shortcomings.
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Wilson sought to address these problems using the EvoS course. In addition to
Smith’s concerns (2010a), the EvoS course attacked the “two walls of resistance, one
denying the theory altogether and the other denying its relevance to human affairs”
(Wilson, 2005, p. 1) identified by Wilson himself. Undeniably the EvoS course is a good
idea that has shown some promise in several studies. However, establishment of this type
of course may be difficult for a biological sciences department to take on, especially if
the department has a well designed introductory biology course in place. The
pedagogical tool, “Evo in the News” is a potential way to introduce the relevance factor
that the EvoS course has tried to approach but in a manner that is minimally labor
intensive and much less disruptive to current curricula. One of the goals of this research
was to look at students’ gains in relevance scores after exposure to “Evo in the News”
versus those students who were not exposed to this tool.
In addition, this research sought to answer Smith’s (2010a) concerns regarding
previous research in this area. The study sought to use a larger sample size, a more
reliable data collection tool, and a longer duration of study on groups of students who
were not “self-selected” to participate. Although the duration of the intervention in this
research was only comprised of four exercises, students had much longer than a week to
consider the relevance of evolution in the context of the highlighted research in the “Evo
in the News” article. The control and experimental groups were randomly assigned with
no self-selection on the part of the students. The intervention protocol used in this
research is practical and easily replicable in any similarly designed introductory college
biology class.
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CHAPTER III
METHODS AND PROCEDURES
Sample
The site of the data collection for this study was a large private research university
in the Northeastern United States. The participants consisted of students over the age of
18 enrolled in BIO 123/124 during the spring of 2011. BIO 123/124 is an undergraduate
introductory biology course mainly for non-biology majors, although some biology
majors elect to take the course as do many students in pre-health professional programs
or other science majors. It is a lecture class with an optional lab and recitation
component. According to the course description, this course is “the second of a twocourse sequence comprising a survey of major biological concepts ranging from the
molecular level to global ecology. Units within Biology 123 include biodiversity, plant
structure and function, human and comparative animal anatomy and function, ecology,
and evolution, which is the central and unifying concept of biology and the framework
around which the understanding of other concepts in this course is constructed.” This
class is a large lecture class taught by a professor with approximately 600 students
meeting twice a week. The optional laboratory course (BIO 124) students take in
conjunction with BIO 123, “includes inquiry-based exploration and practical application
of concepts discussed in BIO 123.” Students meet once a week in a small group of up to
24 students with a teacher’s assistant for three hours. Two of the three hours are for the
laboratory portion and one hour is for recitation.
As is typical for enrollment in BIO 123/124, the students in the course during the
Spring of 2011 represented all levels of undergraduate study from freshmen to seniors.
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The majority of the students though were second-semester freshmen. With very few
exceptions, the students enrolled in this course had taken the first course in this series,
BIO 121, during the previous semester, Fall 2010.
Data were collected through the electronic administration of the Evolutionary
Attitudes and Literacy Survey (EALS, see Instrumentation section beginning on page 63)
at the beginning of the Spring 2011 semester and at the conclusion of the semester as
well. In addition, those students who were part of the treatment group answered several
additional open-ended survey questions at the conclusion of the semester. For the
presurvey, of the students solicited, 117 students completed all of the questions for the
sixteen constructs studied. Due to a number of factors student response rate was very low
on the post survey. In the control group, 27 students completed both the pre and post
surveys making comparisons between them possible. However those 27 students did not
complete every question on the post-survey. Therefore, depending on the construct being
compared between 19 and 23 students were used for analysis. In the treatment group, 23
students completed both the pre and post surveys allowing for comparisons between the
two. Again, of those 23 students between 10 and 17 completed all questions in a
particular construct on the post-survey and could be used for analysis.
Independent samples t-tests were performed to determine if any significant
differences were found between the pre-surveys of the control group and the pre-surveys
of the experimental group for those students who responded to both surveys. No
significant differences were found between the group of students in the experimental
group and the group of students in the control group on the pre-surveys. This held true
for all attitude and knowledge constructs examined in this study.
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In addition, independent samples t-tests were performed comparing those students
in the control group who responded to the pre and post-surveys versus those students in
the control group who only completed the pre-survey. No significant differences were
found between those groups of students for any of the ten constructs examined.
Similarly, independent samples t-tests were performed comparing those students in the
experimental group who responded to both surveys versus those who only completed the
pre-survey. Again no significant differences were found for any of the constructs
studied. These tests indicate that the students responding to both pre and post-surveys
were representative of the larger sample of students who completed the pre-survey only
for all constructs studied. This holds true for both the experimental and control groups.
In order to compare the sample of respondents to the larger population of students
in the BIO 123/124 course, an independent samples t-test was performed to determine if
the sample of respondents was representative of the student population taking this course.
The sample of respondents was compared to the students who choose not to complete the
pre-survey. The results showed that there was no significant difference in total points
earned between the respondents and non-respondents in the class, indicating that there
appeared to be no achievement-based participant self-selection, and the sample was
representative of the larger population in this regard.
Treatment
Students taking BIO 123/124 with the optional lab component were broken up in
a convenience sample as they were placed in the treatment group or control group based
on the lab section to which they are assigned. By fortunate coincidence, for the Spring
semester of 2011 all teaching assistants for BIO 123/124 were assigned two lab sections.
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In order to keep extraneous variables as constant as possible, one section for each
teaching assistant was assigned to the treatment group and the other was assigned to the
control group. Teaching assistants were randomly assigned the treatment group as either
their first lab of the week or their second lab of the week.
Those students in the treatment group were given four pre-lab assignments
throughout the course of the semester using “Evo in the News” articles and questions tied
to the lab content for that week. The assignments entailed students reading an assigned
“Evo in the News” article, watching video podcasts attached to the article and answering
questions that corresponded to that article. Some of the questions were derived directly
from the questions following the article on the Understanding Evolution website
(evolution.berkeley.edu) and some were constructed to help students connect the article
content to the laboratory experience for that week (see example Appendix C). Articles
were chosen to correspond to topics covered within the BIO 123/124 curriculum
(Appendix E).
Students in the control group without “Evo in the News” were assigned pre-lab
assignments on the same topics but without using the Understanding Evolution website.
The control group students were assigned a reading of similar length to the “Evo in the
News” article on the topic for the day’s laboratory experience. The articles chosen
contained scientific research as did the “Evo in the News” article (see example Appendix
D). The difference was that the scientific research in the control group’s articles did not
discuss the connection of the science to evolution. Students in the control group were
also assigned questions on their articles. Major importance was placed on keeping the
work load for the treatment and control groups as similar as possible with only the
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emphasis of the content differing. The emphasis for the treatment group work was on the
connection of the day’s laboratory experience to evolution while the emphasis for the
control group made no significant mention of the relationship to evolutionary theory
(Appendix F).
Procedures and Treatment Administration
All research activities were conducted according to protocol approved by the
university’s Institutional Review Board (Appendix H). At the beginning of the Spring
2011 semester, all students enrolled in BIO 123/124 were solicited for participation in
this research. An explanation of the research study and electronic consent forms were
displayed on the Blackboard site for the course beginning the first week of classes. Upon
reading the details of the study and giving electronic consent to participate, students were
provided a link to gain access to the survey instrument, the EALS, on a survey
administration website. Students were given two weeks to complete the survey. As an
incentive to participate, all students who accessed the survey and answered at least one
question were entered in a drawing for a $100 gift card to the college bookstore.
Prior to the beginning of the semester, the I met with the teaching assistants who
would be teaching the lab/recitation component of the course. The purpose of the initial
meeting was to discuss the nature of the research and the expectations for the teaching
assistants in its implementation. As previously mentioned, each teaching assistant was
assigned two sections of BIO 124. Each section was comprised of twenty to twenty-four
students. Teaching assistants were told which of their sections would be part of the
control group and which would be part of the treatment group. In addition, the teaching
assistants were provided with an overview of the “Evo in the News” portion of the
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Understanding Evolution website as well as a brief rationale for the study. The schedule
for the semester was addressed so the teaching assistants were familiar with which weeks
“Evo in the News” content would be a portion of the students’ pre-lab work. Of
particular importance during this initial meeting was the discussion about the importance
of trying to prevent mixing of the content of the articles from one section to another
regarding the pre-lab discussions.
The teaching assistants were responsible for adding content to the Blackboard site
for their lab sections regarding pre-lab assignments as well as the actual labs themselves.
Therefore, the pre-lab assignments for the control and treatment groups were provided to
the teaching assistants one week prior to the lab experience. Each lab section had their
own page on Blackboard and so the students had to access this content before the lab to
get their assignments and download a copy of the lab.
Based on content of the articles on the “Evo in the News” section of the
Understanding Evolution website, four lab experiences were selected from the BIO
123/124 syllabus for the use of alternative pre-lab assignments. The first corresponded to
the human digestive system. The article from “Evo in the News” for the treatment group
was entitled “Got lactase?”. The control group was assigned two short articles of similar
content but without the specific connection to evolutionary theory. The second lab with
alternative pre-labs corresponded to the students’ study of reproductive strategies in lab.
The “Evo in the News” article assigned for this pre-lab was entitled “Evolution’s dating
and mating game” which discussed the reproductive strategies employed by various
species of octopus and how they may have evolved. The control group’s pre-lab was
again quite similar but without the evolution connection. The article for the control
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group also discussed octopus reproduction and strategies but did not specify how or why
these mechanisms may have evolved.
The last two alternative pre-labs both corresponded to weeks of the syllabus
where the students were learning about genetics and DNA technology. These included
the article “Genealogy enthusiasts mine DNA for clues to evolutionary history” which
was paired with the laboratory experience of DNA technology and the article “A fish of a
different color” which was paired with students’ genetic experiments with Zebrafish in
lab. Again the control group was provided with similar content, the discussion of DNA
and zebrafish genetics, but without the direct connection being made to the evolutionary
underpinnings.
For every lab experience during BIO 123/124 students were required to complete
a pre-lab assignment usually designed to make sure that the students came to lab prepared
not only in the procedures for the day but in the content being discussed. Students were
expected to download their assignments and labs weekly prior to coming to lab for that
week. Pre-labs were collected and graded by the teaching assistants. As mentioned
previously the work expected for each pre-lab was kept as consistent as possible with
both the “regular” pre-labs and the alternative pre-labs requiring similar amounts of work
from the students and similar preparations for the teaching assistants. Previous to this
research study, the pre-lab work was designed by the professor for BIO123/124 and the
lab coordinator. During the course of this research study, the “regular” pre-labs for
weeks that alternatives were not employed, were still designed by the professor and the
lab coordinator. The alternative pre-labs were designed by me in conjunction with input
from the course professor and lab coordinator.
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In order to view first-hand how the pre-labs were used in lab class, I observed
various sections of lab from different teaching assistants on a random basis. During this
time, I was looking at the quality and quantity of responses from students to the pre-lab
work and how the teaching assistants were using this content during the course of the
lab/recitation section. I was also examining whether the teaching assistants were mixing
“Evo in the News” articles and questions in the control groups’ labs and vice versa. The
teaching assistants were told of the importance of only using the assigned pre-labs with
the appropriate section of lab.
Prior to each week that the alternative pre-labs were used, I attended the weekly
teaching assistant meetings. These meetings were a gathering of the professor, course
coordinator, lab coordinator, and teaching assistants to discuss the teaching of the
following week’s lab and recitation. I provided teaching assistants with overviews of the
content for both the control and treatment groups’ articles and discussed the answers
students would be expected to provide on their pre-lab assignments.
Following the conclusion of the lab portion of the course, students were again
solicited via Blackboard to participate in the EALS survey on the survey administration
website. Just as at the beginning of the course, students were provided electronic consent
and a hyperlink to the survey from the Blackboard page of the course. An announcement
about the research and the survey link was made both in lecture and on the main page for
the course via Blackboard.

Instrumentation
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Instruments currently used extensively in the field of evolution education research
have various shortcomings. Many lack reliability and validity information, and survey
students based on their knowledge only. The current instruments are not all of the same
quality and sometimes do not even address the same knowledge-based concerns. “The
quality of many of these measures is questionable, however, limiting the utility of the
findings reported when attempting to draw comparisons across studies” (Smith, 2010a, p.
558).
Due to some of the problems with other extant data collection tools identified by
Smith (2010a), the instrument used for this research was the Evolutionary Attitudes and
Literacy Survey (EALS). This instrument was developed and validated by Hawley et al.
(2010). According to the authors of the EALS, the “goal ultimately is to create a standard
tool to assess the curricular effectiveness of courses on evolution and/or biology in
colleges and universities” (Hawley et al., 2010, p. 4). The EALS seeks to address some
of the problems with previous survey tools including the need for a more
“comprehensive” instrument. In addition, validation of instrumentation in this area is a
concern (Smith, 2010a). The instrument was validated by Hawley et al. (2010) for the
second of their two goal project; “to confirm the structure of (their) survey instrument in
order to maximize its utility as an assessment tool, and then to use said structure to
explore predictors of knowledge and attitudes in Kansas university students” (Hawley et
al., 2010, p. 19). The EALS was also used by O’Brien, Wilson, & Hawley (2009) when
they evaluated the EvoS project at the State University of New York at Binghamton for
increases in student understanding and attitudes.
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The EALS instrument allows the examination a variety of components of
evolutionary knowledge and attitudes, including “knowledge about the scientific
enterprise, genetic literacy, evolutionary knowledge, evolutionary misconceptions,
distrust of the scientific enterprise, (and) relevance of evolutionary theory” (Hawley et
al., 2010, p. 12). The survey (see Appendix A) is made up of 104 statements that require
a response on a scale from one to seven, “(1=strongly disagree, 4 = neither agree nor
disagree, 7 = strongly agree)” (Hawley et al., 2010, p.11). It was administered
electronically using a link in the university’s Blackboard site for the BIO 123/124 course.
Reliability
As mentioned previously, The Evolutionary Attitudes and Literacy Survey
(EALS) was developed by Hawley et. al. (2010). The primary goals of their research
were two-fold. First, the authors sought to “confirm the structure of (their) survey
instrument in order to maximize its utility as an assessment tool” (p. 19). The second
goal of the research was to use the survey instrument, now called the EALS, to “explore
predictors of knowledge and attitudes in Kansas university students” (p. 19). The
research used a “large sample of university students from varied disciplines” and
demonstrated that the 104 question EALS showed “excellent reliabilities” in the 16
components studied (Hawley et.al., 2010). The sixteen constructs included, political
activity, religious activity, conservative self-identity, attitudes toward life, intelligent
design fallacies, young earth creationist beliefs, moral objections, social objections,
distrust of the scientific enterprise, relevance of evolutionary theory, genetic literacy,
evolutionary knowledge, knowledge about the scientific enterprise, evolutionary
misconceptions, self exposure to evolution, and youth exposure to evolution. In addition,
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the researchers analyzed “lower order latent factor correlations” to confirm that there
were in fact, 16 different constructs measured using the EALS.
Data were collected via the EALS in its entirety. However, the original EALS
instrument included a few items which were negatively worded. These items appear to
have been confusing to many students with regard to the Likert-style scale for agreement
in the online format. Therefore, negatively worded items were disregarded in the analyses
herein reported.

Although the EALS measures sixteen distinct constructs, ten of these

were of particular interest. Since we were examining differences in attitudes and
knowledge from the beginning of the BIO 123/124 course to the end of the course, the
focus was on constructs that may have changed within the semester due to the students’
experiences with evolutionary theory throughout the course. Therefore the constructs
regarding political activity, religious activity, conservative self identity, attitudes toward
life, self exposure to evolution, and youth exposure to evolution were unlikely to have
changed much due to their exposure to evolutionary theory throughout the semester.
In terms of validity of the EALS, Hawley et al. (2010) found:
specifically, the absence of correlated residuals, few dual factor loadings
between items, as well as low modification indices, demonstrated both
convergent and divergent validity. Similar items loaded uniquely onto a
single construct (i.e., convergence) and…were distinct from other
constructs (i.e., divergence). Moreover, the hierarchical SEM analysis
showed the 16 constructs to have a theoretically meaningful and
quantitatively coherent higher-order factor structure. (p. 19)
Procedures in Instrument Administration
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The EALS instrument was administered at the beginning of the Spring 2011
semester and following treatment at the end of the semester. Participants were informed
of the voluntary nature of their participation for both surveys. Students were informed
that research was being conducted during the course of the semester and their
participation would be appreciated but would not affect their grades if they chose to
participate or not. In order to encourage participation, students who completed at least a
portion of the survey, were entered in a drawing for a $100 gift card to the university’s
bookstore. Two gift cards were awarded, one for a participant in the survey prior to the
treatment and one for a participant in the survey following treatment.
Students were informed that the instructors of the course would not know whether
or not they completed the survey. Pretests and posttests were linked via unique alphanumeric codes to correlate students’ pre and post responses.
Both the pre-treatment and post-treatment surveys were administered
electronically as was the electronic consent. Students were provided with electronic
announcements and reminders via the course’s Blackboard site. There were also several
announcements provided in lecture to the entire group regarding the research being
conducted, voluntary participation in the survey, and the incentives. The survey itself
was administered via a survey administration website. The survey administration website
is an internet-based survey tool. This site allowed for those students in the treatment
group to answer some open-ended survey questions post-treatment in addition to the
EALS itself. Students accessed the survey from the survey administration website
utilizing a hyperlink provided on the course’s blackboard site following the electronic
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consent document. All survey data was password protected and could be accessed only
by me.
Data Analyses
The quantitative data compiled from the EALS instrument through the survey
administration website was analyzed using SPSS. SPSS is a software package originally
named the Statistical Package for the Social Sciences. Several statistical tests were used
to analyze the data. First, in order to adequately describe the initial attitudes and
knowledge of the participants, descriptive statistics were obtained including means and
standard deviations. The means were compared for the initial EALS survey results
between the two groups that were being studied, namely the lab students in the control
group vs. those lab students in the experimental group. The means of the two groups
were compared for the ten constructs of the EALS being examined using independent
samples t-tests.
The pre-survey and post-survey data were compared using dependent t-tests
(repeated measures) for the ten major constructs being studied for the control group and
then the same repeated measures t-tests were run for the experimental group. In order to
compare the constructs as a whole, the sums of the scores for each of the statements in
each construct were compared. For example, there are 9 statements on the EALS for the
construct of relevance of evolutionary theory. Students respond on a Likert scale from 1,
strongly disagree, to 7, strongly agree with 4 being neither agree nor disagree to each of
the statements. Likert scores for each of the 9 statements were added together for each
student. Then the initial sum (pre-survey) for relevance for each student was compared
to the final sum (post-survey) for each student using a dependent sample t-test. This was
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done for each student in the control group and each student in the experimental group for
each of the 10 constructs examined.
In keeping with the research questions, the ten constructs were separated into
those dealing with knowledge of evolutionary theory and those dealing with attitudes
toward evolutionary theory. Analyzing for differences in knowledge included the
constructs of genetic literacy, evolutionary knowledge, knowledge about the scientific
enterprise, and evolutionary misconceptions. Those constructs used in examining
differences in attitudes included intelligent design fallacies, young earth creationist
beliefs, moral objections, social objections, distrust of the scientific enterprise, and
relevance of evolutionary theory.
Qualitative data obtained from the open-ended questions added to the survey of
those students participating in the experimental group was used to gain informal
knowledge about students’ use of and attitudes toward the “Evo in the news” tool itself.
This information will be used to inform further research and use of the pedagogical tool.
Methodological Assumptions
The students participating in this research represent a larger population of
traditional age college students taking a general biology course. However, because most
of the sample of students had taken a previous course in general biology the preceding
semester, the students participating in the research probably had a greater knowledge
base regarding evolutionary theory than university students with no college biology
background. This being stated, it is reasonable to assume that our sample of students is
similar to non-biology major college students in a large university setting.
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Statistical tests involved the usual assumptions for these tests conducted; namely
that the sample sizes were sufficiently large, the data were normally distributed, and had
equal variances.
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CHAPTER IV
ANALYSES AND DISCUSSION OF FINDINGS
Analyses of Findings

In Chapter I the research questions for this study were set forth. This section reiterates
those questions in the order they were investigated followed immediately by the pertinent
findings for each question.
What are the initial attitudes about and knowledge of biological evolution for our sample
of students?
As discussed previously, the survey instrument used for this study, the EALS, is
broken down into sixteen constructs. This study focused on ten of the sixteen constructs
regarding evolutionary knowledge and attitudes. These constructs included, intelligent
design fallacies, young earth creationist beliefs, moral objections, social objections,
distrust of the scientific enterprise, relevance of evolutionary theory, genetic literacy,
evolutionary knowledge, knowledge about the scientific enterprise, evolutionary
misconceptions. For the presurvey which is the measure of initial attitudes and
knowledge, 117 students participated in the survey in its entirety.
Presurvey results for constructs measuring attitudes about evolution
Those constructs from the EALS used to examine initial attitudes of students
included intelligent design fallacies, young earth creationist beliefs, moral objections,
social objections, distrust of the scientific enterprise, and relevance of evolutionary
theory. As previously indicated the scale used on the EALS is a Likert scale ranging
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from one to seven. A score of one indicates that the responder strongly disagrees with
the statement and a score of seven indicates that the responder strongly agrees. A score
of four corresponds to neither agree nor disagree. Means and standard deviations were
obtained for the 117 participants.
In response to the 11 statements included in the construct “intelligent design
fallacies” the means ranged from a low of 2.30 for the statement, “there are no
transitional fossils (remains of life forms that illustrate an evolutionary transition)” to a
high of 3.91 for the statement “humans were specially designed”. Each of the 11
statements had mean values below four which indicate responses in the disagree
category. However, four of the 11 statements had mean values above three which
indicate responses very close to the neutral category (neither agree nor disagree with the
statement). All intelligent design fallacy statements in the EALS are written so that
agreement with the statement points to individuals who have a belief in intelligent design.
The second construct investigated regarding student attitudes is “young earth
creationist beliefs”. This construct consists of nine statements. All the statements are
written again so that agreement with the statements indicates belief in young earth or
creationist view. Just as with the previous construct (intelligent design fallacies), means
for each of the nine statements indicated that participants fell more toward the disagree
spectrum than the agree spectrum. Means for all statements were below four, ranging
from a low of 2.06 for the statement, “The Earth isn’t old enough for evolution to have
taken place”, to a high of 3.24 for the statement, “Adam and Eve of Genesis are our
universal ancestors of the entire human race”.
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In the area of moral objections, the EALS consists of five statements. Four of the
five statements are written so that agreement with the statement indicates that the
participant has moral objections to evolutionary theory. One of the statements, “people
can be moral and believe in evolution at the same time” is written the opposite way.
Agreement with this statement indicates no moral objection to evolution. The mean for
this statement was 5.97 indicating that students generally agreed that people can be moral
and believe in evolution at the same time. For the four statements worded in the other
direction, the means were all below 2.5 with the exception of the statement “Darwinism
strips meaning from our lives” for which the mean was just above 2.5 (2.59). Generally
this indicates that the participants disagreed with statements implying a connection
between acceptance of evolution and immorality.
For the construct of social objections, the EALS consists of six statements. All
statements are written so that agreement with the statement indicates that evolution has
increased a number of social ills. All means for these statements hovered closer to
neutral (4) than for the construct of moral objections. The highest of the means, 3.11,
resulted from the statement, “The theory of evolution has contributed to genocide (the
deliberate killing of a group based on nationality, race, politics, or culture)”. The lowest
mean of 2.64 was obtained from the statement, “The theory of evolution has contributed
to an increase in euthanasia (the act of killing someone painlessly or allowing to die to
stop the suffering; also called mercy killing).” Again, although all means regarding the
social objections construct are in the disagree portion of the Likert scale, the means are
indeed closer to a neutral feeling regarding the social objections.
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The fifth construct studied for the initial attitudes portion of the study was
“distrust of the scientific enterprise”. Seven statements are included in this construct.
Six of the seven are worded one way. In other words, agreement with these six
statements would indicate high distrust of the scientific enterprise. One statement, “the
theory of evolution is capable of explaining the diversity of life”, is worded in the
opposite direction. For this statement, the mean of 5.58 indicated that for the 117
participants in the initial study, there was general agreement that evolution was a valid
explanation for biodiversity. For the other six statements, the means were all at the
disagree portion of the spectrum with a low (closest to strongly disagree) of 2.36 for the
statement, “The data used to support evolution is untrustworthy”, to a high (farthest away
from strongly disagree) of 3.48 for the statement, “Evolutionary theorists believe that if
something is natural then it is good or right”.
The last construct studied as part of student attitudes was “relevance of
evolutionary theory”. Nine statements are included in this construct. Eight of these
statements are written in a manner that to agree with the statement is to agree with the
relevance of evolutionary theory. The other statement written in the opposite manner
showed a great deal of variability among respondents. The statement, “for explaining
human behavior, evolutionary theory is irrelevant”, has the potential to be confusing to
students. When looking at the responses to this statement for participants in conjunction
with the other answers, it was clear that this statement was misinterpreted by many
respondents. Therefore, results of this statement will not be included in our discussion.
Regardless for the other eight statements within this construct, the means were in the
agree portion of the spectrum on the Likert scale used. The high mean for this construct
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was obtained for the statement, “evolutionary theory is highly relevant for biology”. This
mean was 5.79. The low mean (closer to neutral than strongly agree), of 4.89 resulted
from the statement, “Evolutionary theory is highly relevant for the humanities (e.g.,
history, literature, philosophy)”. Table 1 summarizes the means and standard deviations
for each of the statements included within the relevance construct.
Presurvey results for constructs measuring knowledge about evolution
Those constructs from the EALS used to examine initial knowledge of students
regarding biological evolution were genetic literacy, evolutionary knowledge,
evolutionary misconceptions, and knowledge about the scientific enterprise.
On the EALS, the construct for genetic literacy consists of nine statements. Of
the nine, five are written such that agreement with the statement is correct in terms of our
current understandings of genetics and evolutionary theory. We would expect in our
sample of students who have already taken one semester of introductory college biology
that understanding of genetics and its connection to evolution would be higher than the
general population. For these five statements, all means were indeed within the agree
portion of the spectrum. It is interesting to note though the numbers of students who
seemed to harbor substantial misunderstanding of genetics.
For the statement, “humans share more than half of their genes with mice”, the
mean was very close to the neutral score of 4 (

= 4.24). Of the 117 participants, 22.2%

fell in the disagree portion of the spectrum for this statement and 67.5% answered
between 1 and 4. One corresponds to strongly disagree and 4 with neither agree nor
disagree. This implies that 67.5% of students responding to this survey either did not
know for sure or were wrong regarding the genetics of humans and mice. In contrast to
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this lack of understanding though were the results to the statement, “all plants and
animals have DNA”. There was stronger understanding of this statement shown by the
mean of 6.0342 and only 10 out of the 117 participants or 8.5% fell in the disagree
portion of the spectrum. For the other three statements worded in a similar manner, the
means ranged from 5.20 to 5.50.
Four other statements included in the genetics construct were worded the opposite
direction, in that for these statements agreement would indicate a lack of understanding
of the genetics portion of the biology curriculum. The statement “mutations are never
beneficial”, resulted in the strongest disagreement among the participants. The mean for
this statement was 1.74 and 89.7% of those surveyed responded between one and three on
the Likert scale. In contrast, the statement, “today it is not possible to transfer genes from
one species of animal to another”, showed more uncertainty among the participants with
just over half of them disagreeing with the statement. Overall there seems to be
substantial misunderstandings about genetics among quite a few of the participants.
Table 3 summarizes the means and standard deviations for each of the statements
included within the genetic literacy construct.
The second construct measured as part of the initial knowledge of participants
was entitled “evolutionary knowledge” from the EALS. This construct consists of seven
statements. Only one of the statements is written such that the response that indicates
greater understanding is a disagreement. The other six are written such that the “correct”
answer would be agreement with the statement. The one statement written in the
negative is “natural selection is the only cause of evolution”. For this statement the mean
of 2.66 does indeed indicate an understanding among the sample as a whole regarding
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this portion of evolutionary knowledge. It is important to note though that among the 117
participants, 39 of them either remained neutral with a score of four or responded in the
agreement portion of the Likert scale.
For those statements that were written in a positive manner, the statement students
seemed to have the greatest understanding of was “mutations can be passed down to the
next generation” with 42% of the respondents strongly agreeing with the statement and
only 5% falling in the disagree portion of the scale. The statement that seemed to show
the greatest amount of misunderstanding was “individuals don’t evolve, species do”. The
mean for this statement was just above a 4 (4.95) and a full 41% of the respondents either
remained neutral or fell in the disagree portion of the spectrum.
The third construct used to measure knowledge was entitled, “evolutionary
misconceptions”. Six statements were included in this category. All six statements are
written such that the negative response, disagreement with the statement, indicates a
stronger understanding of evolution. The results show that the means for all statements
in this category were indeed in the disagree portion of the spectrum (less than four).
However, it is interesting to note that all means were between three and four on the Likert
scale, much closer to neutral than to strongly disagree. As has been mentioned before, a
neutral score of 4 can be interpreted especially in the “knowledge” constructs as a student
not knowing whether the statement is in fact true or false according to evolutionary
theory.
The misconception statement with the mean closest to four was the statement,
“species evolve to be perfectly adapted to their environments” (mean = 3.80). Two other
misconception statements were very close to that mark as well. These included,
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“characteristics acquired during the lifetime of an organism are passed down to that
individual’s offspring”, (
to advanced species”, (

= 3.79), and “evolution is a linear progression from primitive
= 3.7149). In addition, for all of the statements within this

construct, 45% or greater of the 117 respondents answered with a four or above on the
Likert scale. This can be interpreted as at least 45% of students in the sample harbor
significant misconceptions regarding biological evolution. Remembering that these
students have already had an introductory biology course at the university level where
evolution is a significant underpinning of the course, this is a fairly disturbing finding.
The last construct used to measure initial knowledge of these students regarding
evolution is entitled, “knowledge about the scientific enterprise”. This construct also
contains six statements. Four of the statements are written such that the negative
response, within the disagree spectrum, demonstrates greater knowledge of the scientific
enterprise. The other two statements are written such that agreement with the statement
demonstrates greater knowledge. The latter two statements are, “for scientific evidence
to be deemed adequate, it must be reproducible by others” and “good theories give rise to
testable predictions”. For both, the means of the respondents were indeed in the agree
spectrum, 5.44 and 5.60 respectively. For the other four negatively worded statements,
all the means were in the disagree spectrum as would show more understanding.
However looking at the frequencies of responses there was definitely some lack of
understanding regarding the scientific enterprise. For the statement, “scientific
explanations can be supernatural” more than 55% of the respondents either agreed with
the statement or remained neutral. In addition, for the statement, “scientific ideas can be
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tested and supported by feelings and beliefs”, more than 42% either remained neutral or
agreed with the statement.
Is there a significant difference between the change of student attitudes regarding
evolution in the group of students participating in the BIO 123/124 course alone as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?
Measurement of gain for each construct from pre to post survey
To address this question, each subsection of the survey pertaining to “attitudes”
was analyzed by determining the gain in score from pretest to posttest for those students
completing both the pre and post tests. Independent samples t-tests were then analyzed
for each subsection comparing the control (traditional lab) vs. the experimental (evo lab)
for each subsection. The subsections dealing with attitudes included, intelligent design
fallacies, young earth creationist beliefs, moral objections, social objections, distrust of
the scientific enterprise, and relevance of evolutionary theory. Of the six subsections,
only one, relevance of evolutionary theory, showed a significant difference between the
two groups, (t=2.177, p = .041) (see Table 2a & 2b) (Figure 1). Equal variances could
not be assumed after running Levene’s test for equality of variances (F = 3.689, p =
.063). No significant differences were found between the control and experimental
groups with regards to intelligent design fallacies, young earth creationist beliefs, moral
objections, social objections, and distrust of the scientific enterprise constructs.
Responses to open-ended questions for students in experimental group
The students in the experimental group were also asked to complete several openended questions regarding their experiences with the “evo” pre-labs and their attitudes
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regarding evolution. The responses were very interesting. One of the questions asked
whether students found that after completing the “Evo in the News” assignments if they
felt that evolutionary science was more relevant to their everyday lives than before. They
were asked to respond yes or no and explain. Of the 15 respondents, two did not respond
to this question, six responded with a yes and seven with a no. Three of the “no’s”
though explained that they didn’t feel differently because they already found evolution to
be quite relevant from their previous exposure to evolution one citing “psychology”
courses as well in helping them to determine that evolution was quite relevant. This
student responded with, “no, I have taken several psychology courses that introduced me
to evolution's effects on human behavior”. A second student replied to this question with
“no, I feel the same”. Looking at this student’s responses to relevance statements, it is
apparent that this student already felt that evolution was quite relevant.
The last of these three students replied with “no, because I already knew about
evolution and felt pretty strongly that it was right, so there wasn't much convincing left to
do”. This response although indicative of agreement with evolution does not really
address whether or not evolution was relevant to their daily lives, but again looking at the
student’s responses to relevance statements on the EALS it is apparent that this student
does believe that evolution is relevant to everyday life.
Four of the students did indicate negative feelings about the relevance of
evolution, although none commented that they did not like the “Evo in the News”
assignments themselves. One of the students in this group replied with, “no, I like
reading the idea about evolution; comparing it to my beliefs, but reading one article is not
going to change the way that I think completely”. This student then was not convinced
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about the relevance piece of evolutionary theory, but did feel that the assignments had
some value. However, two students did seem to have significantly negative feelings
about evolutionary science itself. One student responded, “no, we are being force fed
evolution, denying our right to believe what we believe” and another with “no because I
just don’t see why it should affect my life”. The last of the negative responses was not
explained and was simply a “no” about the relevance of evolution to their daily life.
Of the “yes’s” several explained that they “enjoyed” the articles and being
exposed to other applications of evolution besides those introduced in class. Responses
included, “it’s nice to see the science aspects of evolution instead of the religious based
‘evidence’”, “they made me realize how interwoven the issue of evolution with so many
other aspects of daily life”, and “because evolutionary science is found in many various
current day issues”. One student replied to this question by, “I've gained a greater
understanding of the evolution of behavior, something that I never really considered as an
entity that could be acted upon by natural selection”. It is important to realize that many
of the students in this introductory biology course have not been exposed to psychology
like the student in the “no” group discussed above. These students can benefit from
examination of evolution from different angles besides those traditionally discussed in
biology.
The other open-ended question asked students whether they felt after being
exposed to “Evo in the News” that evolution could help solve real-world problems.
Again students were asked to answer and explain. The results, not surprisingly, were
similar to the other open-ended question. Two did not answer, six said yes and seven no.
But again, three of those that answered no explained that they already had strong positive
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feelings regarding the uses of evolutionary theory. One of the more resistant students
answered, “no, I just do not believe in evolution. Maybe it does occur but it is within
species, there is no way that the complexity of our organisms and the amazing diversity
and efficiency of other organisms happened by chance”.
Several of the students who answered yes explained that they had never before
been exposed to the uses of evolution and found it to be much further reaching than they
had known before. One student wrote, “I think evolutionary science provides a basis to
consider who we are and where we came from and how we can best use our abilities to
solve problems in the ‘real world’”. A second responded that “the assignments were very
informative”. Again, this does not really discuss whether or not evolutionary science can
be used in solving problems in the real world but does indicate positive feelings about the
“Evo in the News” assignments as a tool. Several student answers in the positive
response category were quite vague but again support evolutionary science and its
relevance in real world situations. These responses included, “yes, other species help our
own species” and “yes, because some ideas from evolutionary science can be applied to
real world problems”.
Is there a significant difference between the change of student knowledge regarding
evolution in the group of students participating in the BIO 123/124 course alone as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?
Measurement of gain for each construct from pre to post survey
The subsections of the EALS evaluated for this question included, genetic
literacy, evolutionary knowledge, evolutionary misconceptions, and knowledge about the
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scientific enterprise. Again independent samples t-tests were analyzed on the gain for the
statements in each of the subsections for traditional pre-lab (control) vs. “Evo in the
News” pre-lab (experimental/treatment) students. Of the four subsections, genetic
literacy showed a significant difference between the two groups, (t = 3.293, p = .002) (see
Table 4a & 4b) (Figure 2). Again after running a Levene’s test for equality of variances,
(F = .532, p = .471), equal variances could not be assumed. The other three subsections
for knowledge showed no significant differences. These constructs included evolutionary
knowledge, evolutionary misconceptions, and knowledge about the scientific enterprise.
Comparisons of pre vs. post for each statement in each construct
As for the relevance construct measured by the EALS, the genetic literacy
construct was examined for significant differences between pre and post surveys for each
statement within a construct. Again using paired samples t-tests, this construct was
analyzed statement by statement. For the genetic literacy construct, no significant
differences were found in the control group when comparing pre and post surveys for
each of the nine statements included in this category. However, in this same category,
genetic literacy, two statements showed significant differences between pre and post
survey for individuals within the experimental group. For the statement, “humans share
more than half of their genes with mice”, a significant increase in mean score on the
Likert scale was seen in the post survey (t = -3.228, p = .006). In addition, for the
statement, “today it is not possible to transfer genes from one species of animal to
another”, also showed a significant change (t = 2.385, p = .032). This time though, the
change was a significant decrease in mean score on the Likert scale. In other words,
there was more strong disagreement with this statement in the post survey as compared to
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the presurvey. Both of these differences show an increase in understanding at the
conclusion of the course for the treatment group. Table 4a and 4b summarize the means
and gains for each of the genetic literacy statements from pre to post survey for students
in both the control and experimental groups.
Additional Findings
Due to the fact that the presurvey results returned a fairly large percentage of
students who still demonstrated significant misconceptions and negative attitudes towards
evolution even after having completed a first semester introductory biology course with
evolution as a major theme, it became apparent that analyzing the correlation between
student attitudes, knowledge, and student final course grades may yield some interesting
results. It has long been an assumption that students with positive attitudes towards
evolution will have higher knowledge and vice versa. However, statistical evidence of
that is hard to find in the current literature. To investigate this Likert scores were added
up for each statement within the six constructs regarding attitudes on the EALS to get a
summary score. Likewise, all the scores were added up for each statement within the
four constructs regarding knowledge on the EALS to get a summary score. Final course
grades were obtained for all students in BIO 123/124.
The results of this investigation showed significant correlations between a number
of factors on the pre-survey (Table 5). The first finding demonstrates a significant
correlation between student attitudes regarding biological evolution as measured on the
EALS pre-survey and student final course grades in BIO 123/124, (R = .270, p = .004).
Figure 3 shows a scatterplot of data taken from 114 pre-surveys with a regression line
demonstrating this finding. In addition, a significant correlation was found between
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student knowledge regarding evolution as measured on the EALS pre-survey and student
final course grades in BIO 123/124 (R = .461, p < .001). Again, a scatterplot of the data
demonstrates this finding (Figure 4). Lastly, regarding correlations found using presurvey data, a significant correlation was indeed found between student attitudes and
student knowledge (R = .653, p < .001). Figure 5 shows this correlation via a scatterplot
of the data.
Post-survey data were also analyzed for these correlations. The data for the
control group were investigated for these correlations. A significant correlation was
found between student attitudes and student knowledge (R = .911, p < .001). No
significant correlations were found for attitudes, knowledge, or final course grades for
students in the treatment group post-survey.
Discussion
The data collected regarding student attitudes and knowledge of biological
evolution as measured by the EALS provided some interesting results. An important
feature of this research is the understanding that the students in the population shared
some unique characteristics that made them different than the general population. One of
the biggest differences between the studied population and the general population was the
college biology background. The student population was enrolled in a second semester
introductory biology course. They had already completed an entire semester of
introductory biology, a course that utilized evolution as a major underpinning of the
entire course. Therefore, it would be expected that these students would have a better
understanding of evolution than a population of individuals without this background. It is

86

also important to note that this second semester course immediately follows the previous
course, meaning that the content should be fresh in the minds of these individuals.
Although the examination of the results of the presurvey did show that the
population used in this research had a fair amount of knowledge and generally positive
attitudes regarding biological evolution, it was striking that a sizable proportion of these
students exhibited negative attitudes regarding biological evolution and many
misconceptions as well. From the attitudes perspective, it was evident particularly within
the categories of moral and social objections that many students have negative attitudes.
Within the knowledge constructs (genetic literacy, evolutionary knowledge,
misconceptions, and knowledge of the scientific enterprise), a substantial portion of the
students exhibited poor understandings of evolution, and this was particularly evident in
the area of genetic literacy. This lack of understanding goes beyond evolutionary theory.
Several of the statements within the construct of genetic literacy do not even mention
evolutionary theory, but instead regard principles of genetics and factual information.
For example, one of the statements that saw a great deal of misunderstanding in the initial
results was “humans share more than half of their genes with mice”. This statement is
factually accurate, yet a large number of students, 67%, answered incorrectly.
The intervention in this study consisted of four alternative pre-lab experiences
throughout the course of the semester. These pre-labs were designed to fit in with the
course content. Being that the students in our population were already starting at a higher
level of knowledge regarding biological evolution and greater positive attitudes toward
evolution than the general population, seeing an increase in knowledge or positive
attitudes was going to be harder than in a population that was starting at a lower level of
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knowledge and positive attitude. However, if increases were seen, it would give credence
to the use of this tool within the structure of existing introductory biology classes.
Even though there were only increases in several constructs for the students in the
treatment group as opposed to the control group, there were significant increases in
knowledge and positive attitudes found. Given that the treatment used in this study was
fairly easy to employ, cost nothing, and did make a significant contribution to
understanding particularly in the areas of genetic literacy and relevance of biological
evolution, the use of this tool is worth further investigation perhaps with a group of
college students with no introductory biology coursework at the university level.
When analyzing the independent samples t-tests between the pre-surveys of those
students in the control group and those in the experimental group who completed both
surveys, some interesting results emerged. Although there were no significant
differences shown in any of the constructs on the pre-survey between the two groups of
students, there was a significant difference between the two groups on the post-survey for
the relevance construct. By examining the standard deviations for the two groups’ data it
became evident that the majority of students scored a high level of relevance on the presurvey which is not surprising given that the majority of students had just completed the
first semester introductory biology course. Those students at the high level of the scale
on the pre-survey exhibited the ceiling effect, where there scores could not increase
substantially. However, those students in the experimental group who scored near the
bottom of the scale for relevance in the beginning of the course showed large gains in
their relevance scores on the post-survey. Those students with the most negative attitudes
in the beginning were moving the most toward a more positive attitude. One of the goals
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of the research was to determine if students with negative attitudes would gain a more
positive attitude with exposure to the “Evo in the News” intervention.
As evidenced by answers to the open-ended questions on the post-survey, those
students in the treatment group who were exposed to the “Evo in the News” articles
generally had positive feelings about the uses of this tool and its help in their
understanding of the relevance of evolutionary science in everyday life and in solving
real world problems.
The major problem regarding the analysis of both the second and third research
questions is the low response rate in each of the groups. The goals of the second and
third research questions were to examine the changes in attitudes and knowledge base
from pre to post-survey in the control group and the experimental group. There were
only 21 students in the traditional lab groups that completed both the pre and post survey.
In the “evo” lab groups, or the treatment group, only 15 students completed both the pre
and post surveys. This obviously results in low power of the statistical tests for
examination of these two questions.
Low response rate can lead to two problems. One is that low response rate may
result in a non-representative sample being used to make comparisons. Recall from
pages 58 and 59, no significant differences were found between those students in the
control group completing both pre and post-surveys and those completing the pre-survey
alone. This was true for those students in the experimental group as well. Therefore
these are representative samples from the control and experimental groups. The
significances found then even with the low response rate are meaningful. The second
problem with low response rate is the low power of the statistical tests. Therefore, there
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may be additional significance in other constructs that the low power was unable to
detect.
Even with the low response rate and therefore the low power of the statistical tests
employed, significant differences were found. Gains in knowledge, especially within the
genetic literacy construct, were evident. Increases in feelings about the relevance of
evolution were another significant result. It can be argued that if the goal is to show an
increase in understanding of biological evolution any gain is an important one. If even
one student is able to gain an understanding of the broad scope of evolutionary theory in
the field of biology, the intervention may well be worth it. As has already been
discussed, the low cost and ease of implementation make this tool feasible to use in a
variety of settings.
The results of the correlation study show, that at least for the pre-survey, both
knowledge and attitudes toward evolution are correlated with final course grades.
Therefore it is important that students gain substantial knowledge and positive attitudes
toward biological evolution for success in an introductory biology course.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
Background
There is little doubt among scientists that the concept of biological evolution and
related theoretical knowledge is central to the understanding of the broad field of the
biological sciences. Without a clear understanding of this central principle, the field of
biology can sometimes be viewed as a collection of disparate facts and concepts.
Research has demonstrated that the understanding and acceptance of evolution in the
general public is quite low (Miller et al., 2006). Studies have been conducted not only in
the United States but other countries as well and it is clear that the lack of understanding
in the United States is a significant problem (Miller et al., 2006). It would seem that
educational institutions would be the place to address this problem.
Work has been done to identify misconceptions, lack of understanding, and lack
of acceptance among teachers and students at various levels of education in the United
States and abroad. Although in the last twenty years, more resources and research have
been committed to investigation of this problem, significant lack of understanding and
acceptance of biological evolution continues to prevail. There are several underlying
reasons that evolution remains a difficult concept to teach even for those teachers well
prepared to teach it.
It cannot be overlooked that in the United States especially, religious views have
contributed significantly to the resistance to the teaching of evolution. It has been well
documented that several religious groups are vociferous in their opposition to the
teaching of evolution in schools country-wide. However, even without the religious
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opposition to the teaching of evolution, it remains a difficult concept to teach. Evolution
can be an abstract concept for students to grasp particularly when it is taught in a
traditional lecture format with few concrete relevant examples given for students to
evaluate (Alters & Nelson, 2002).
Research has demonstrated that students will gain a better understanding of
difficult concepts such as evolution when they are able to see the relevance of the content
(Hillis, 2007). Pedagogical tools can often address this concern. One of those types of
tools, using popular media to show real world issues and their connection to scientific
concepts, has been shown to increase students’ understandings in other scientific areas
(Bondos & Phillips, 2008). Problems in implementation of these tools can occur when
teacher’s are underprepared to use them, the tools are expensive to implement, or the
tools are complicated for the students to use.
In the realm of evolution education, one of the pedagogical tools developed to
address these concerns is the Understanding Evolution Website. Within this site,
multiple tools can be found applicable to different levels of education for teachers and
students alike. One of the parts of the website has particular potential uses in the area of
college education for those students studying biological sciences. This tool is entitled,
“Evo in the News”. It takes current research into interesting real-world problems and
makes the connection between that scientific research and evolutionary theory. The tool
is more about the relevant connections between various areas of biology and evolution
than just discussing the tenets of evolutionary theory in the abstract. It seeks to help
students understand the relevance of evolutionary theory in the context of practical
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situations. This study addressed a potential use of this particular tool in the area of
tertiary biology education.
Purpose
The purpose of this pre-test/post-test design, quasi-experimental study was to
compare changes in student attitudes about biological evolution and student
understanding of evolutionary concepts between undergraduate non-biology majors
participating in the use of “Evo in the News” as a supplement to their coursework in a
general biology class and those students not participating in the “Evo in the News”
supplement. Within this overarching purpose, the study also sought to determine initial
attitudes and knowledge regarding biological evolution of the sample of students to
further the understanding of student misconceptions at this level of education.
Research Questions
1. What are the initial attitudes about and knowledge of biological evolution for our
sample of students?
2. Is there a significant difference between the change of student attitudes regarding
evolution in the group of students participating in the BIO 123/124 course alone as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?
3. Is there a significant difference between the change of student knowledge regarding
evolution in the group of students participating in the BIO 123/124 course along as
opposed to those students participating in the BIO 123/124 course plus the intervention
“Evo in the News”?
Methods and Procedures
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Full explanation of methods and procedures is included in Chapter 3. Data was
collected from students enrolled in a second-semester introductory biology lecture and
lab course at a large private research university in the northeastern United States. The
majority of the students in this class were also simultaneously enrolled in the optional lab
component for this course. Students represented all levels of undergraduate study from
freshmen to seniors.
Treatment
Although initial data was solicited from all students in the lecture class, the
treatment and control groups represented only those students who were enrolled in the
laboratory class at the same time. Laboratory classes were broken down into smaller
groups of students and there were 16 lab sections of approximately 25 students each.
Eight of the sections were identified as the control groups and eight as the treatments
groups.
Both groups were given pre-lab assignments prior to each lab experience
throughout the course of the semester. For four of the lab experiences during the
semester, the treatment groups were assigned pre-lab experiences based on the “Evo in
the News” tool from the Understanding Evolution website maintained by the University
of California at Berkeley. The “Evo in the News” pre-labs were chosen to match the
content being studied in the particular lab experience with which it was paired. Both the
control and treatment groups were given an article or articles to read and questions to
answer prior to lab. The difference was that the “Evo in the News” article and questions
connected evolutionary theory to the biology content being studied that week.
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All students accessed the pre-lab assignments electronically and were given
approximately one week to complete them prior to coming to lab. Work for all groups
was handed in and graded by the teaching assistant assigned to each lab section. I
discussed content of both the control groups’ and treatment groups’ articles and questions
prior to lab sections meeting for that week. It was stressed that the teaching assistants
only discussed content applicable to the section meeting to avoid cross-over of content.
Instrumentation
In order to assess students’ understandings of evolution as well as their attitudes
toward evolutionary theory, the instrument used in this research was the Evolutionary
Attitudes and Literacy Survey (EALS). This instrument was developed recently to
address concerns about other instruments validity and reliability as well as to form a
comprehensive survey to study both attitudes and understandings with the same
instrument (Hawley et al., 2010). The EALS consists of 104 statements divided into
sixteen constructs or areas of study. Students respond to the statements on a 7-point
Likert scale in which 1 represents strongly disagree, 4 represent neither agree nor
disagree, and 7 represents strongly agree. Participants were asked to respond to all
statements in the EALS both at the beginning of the semester and at the conclusion of the
semester.
This research did make use of the EALS in its entirety. However, of the sixteen
constructs included in the instrument, ten were evaluated to address the research
questions for this study. Four constructs from the survey, genetic literacy, evolutionary
knowledge, knowledge about the scientific enterprise, and evolutionary misconceptions
were analyzed to evaluate students’ knowledge regarding biological evolution. In
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addition, six constructs including intelligent design fallacies, young earth creationist
beliefs, moral objections, social objections, distrust of the scientific enterprise, and
relevance of evolutionary theory were evaluated to determine students’ attitudes
regarding evolution.
Students in the treatment group were also asked to answer several open-ended
questions at the conclusion of their responses to the EALS. These were developed by me
to provide feedback on the uses of and the students’ perceptions of the “Evo in the News”
tool as it pertained to their experiences in this lecture and laboratory course.
Data Analyses
The statistical software package, SPSS, was used to conduct analyses of the data
collected from the EALS. Descriptive statistics were analyzed for the data obtained from
the pre-survey, the EALS administration prior to the start of the semester. In addition, to
examine differences in students’ knowledge and attitudes from the beginning of the
semester to its conclusion, various repeated measures t-tests were conducted using the
software package.
Selected Findings and Discussion
One of the goals of this study was to determine the initial attitudes and knowledge of
the participants regarding biological evolution. These students had already taken an
entire semester of introductory biology, so the expectation was that these students would
be more accepting of and knowledgeable about evolution than the student population as a
whole and the general public. For each of the constructs studied, the means for each
individual statement as well as the construct as a whole indicate that this was true.
However, although these students exhibited better understanding and higher acceptance
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than the general public as expected, it was fairly surprising that substantial percentages of
students responding to the survey displayed lack of understanding regarding evolution.
There was misunderstanding seen within the evolutionary knowledge construct
especially with the statement, “individuals don’t evolve, species do”. Although the mean
did fall within the agree portion of the spectrum, a large portion of individuals responding
to the survey, 44%, responded with a neutral response or disagreement with the
statement.
Looking at the attitudes constructs of the EALS for the initial survey, of particular
interest is the relevance construct. For the statement, “Evolution is relevant to our
everyday lives”, 36% of the participants answered at or below the midpoint on the Likert
scale. This indicates that these individuals have neutral to negative feelings regarding the
relevance of the evolutionary theory to problem solving in the real world. The other
statements in this category all deal with whether evolutionary theory is relevant to
biology, the humanities, understanding plants, understanding animals, etc. The
percentage of the respondents that have negative feelings regarding evolutionary theory’s
relevance ranges from a low of 17.1% for the evolution’s relevance to biology to a high
of 46.2% for evolution’s relevance to the humanities. Hence, there was certainly room for
improvement among a substantial portion of the participant population prior to the
intervention.
Post intervention, at the conclusion of the second semester introductory biology
course, students were again solicited to answer the EALS survey so that changes in
responses could be analyzed for those students in the experimental and control groups.
Although the response rate among participants was disappointing, the sample appeared to
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be representative of the initial population, and some interesting results did emerge when
looking at the differences in student knowledge and attitudes toward biological evolution
from the beginning of the course to the end. Specifically, within the attitudes constructs
studied, the experimental group showed significant gains in positive attitudes toward
evolution when looking at the relevance construct (Figure 1). In fact, for the
experimental group, five out of the eight statements within the relevance construct
showed significant changes toward more positive attitudes regarding relevance (See
Table 2b).
Students’ understandings and attitudes toward the relevance of evolution to their
daily lives and pertaining to ongoing scientific research and discovery are of great
importance. Being able to connect evolutionary concepts to scientific problems is a
fundamental skill for any student of biology. This is, no doubt, one of the reasons Wilson
(2005) has emphasized the relevance of evolution so strongly in his very successful EvoS
program and identified denial of the relevance of evolution to human affairs as one of the
two walls of resistance to evolution among students and the general public.
Wilson’s efforts with the EvoS program are both ambitious and commendable, and
they have been shown to be effective in generating improvements in students’ attitudes
regarding the relevance of evolution. However, implementing the EvoS program in most
college and university settings may require more institutional commitment and curricular
overhauling than is likely to be practical in many post-secondary settings. The results of
this study, which indicate that students can adopt better understandings and attitudes
toward the relevance of evolution with a much less labor-intensive intervention, are
therefore quite encouraging. While my results may not be as striking as those reported by
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Wilson (2005), my study suggests that by incorporating activities involving “Evo in the
News” articles into existing curricula, students who initially consider evolutionary
science to be of little importance can change their minds substantially when it comes to
their assessment of the relevance of evolution.
In addition, in the area of evolutionary knowledge, students in my experimental
group also showed significant gains in genetic literacy (Figure 2). Genetic literacy is of
particular interest as Miller, Scott, and Okamoto (2006) found that this construct is a key
predictor of adult acceptance of evolution, not only in the US, but among the populations
of several other countries.
Among the more interesting incidental discoveries of this study are those
pertaining to the relationships between students’ knowledge of and attitudes toward
evolution and how these are correlated to student achievement in post-secondary biology.
Lawson (1983) found a modest correlation between student attitudes toward evolution
and subsequent achievement in a college-level biology course for non-majors. More
recently, acceptance of evolution was found to be positively correlated with higher
achievement in a biology course at a community college in the American Midwest
(McKeachie, Lin, & Strayer, 2002), and moderately related to achievement in an upperdivision evolution course for biology majors at a large Midwestern university (Ingram
and Nelson, 2006). My results expand upon these prior findings indicating that positive
attitudes toward evolution are significantly correlated with achievement in a mixedmajors introductory biology course at a large, private university in the American
Northeast (See Figure 3).
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Several researchers have argued that lack of acceptance of a concept may prevent
students from developing an understanding of the concept (Cobern, 1994; Meadows,
Doster, and Jackson, 2000; Scharmann, 1990; Smith, 1994; Wiles and Alters, 2011).
Studies assessing the degree to which student acceptance of evolution is related to
understanding have returned inconsistent results. Overall understanding of evolutionary
theory was found to correlate with acceptance by some (Rutledge and Warden, 1999;
Rutledge and Warden, 2000; Trani, 2004). However, Sinatra, Southerland,
McConaughy, and Demastes (2003) found no evidence of a relationship between
understanding evolution and its acceptance, which is consistent with other findings
(Bishop and Anderson, 1990; Lord and Marino, 1993). Ingram and Nelson (2006)
similarly concluded that neither acceptance nor understanding of evolution are “a
prerequisite nor necessary condition of the other” (p. 10). This dissertation contributes to
the ongoing discussion of this matter, with my data supporting the notion that a better
understanding of evolutionary science is associated with more positive attitudes toward
evolution (see Figure 5).
Students’ prior knowledge of and attitudes toward evolution have been of major
concern to science education researchers, but the relationship of these constructs to
achievement in post-secondary science has been a matter of particular contention with
legal ramifications in recent years. The University of California system was sued by a
group of Christian high schools over the University’s policy of rejecting certain
secondary courses from religious schools that do not treat evolution in a manner
consistent with the consensus of the scientific community on the grounds that such
courses do not adequately prepare students for college-level study in the biological
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sciences (National Center for Science Education, 2009). This policy, which has been
upheld by the courts, is predicated upon the notion that achievement in post-secondary
courses in the life sciences is related to students’ prior knowledge of evolution. My
results are enlightening with regard to this assertion, as they reveal that not only are
students’ attitudes toward evolution related to their knowledge of evolution, but also that
more positive attitudes toward evolution and greater knowledge of evolution are both
positively and significantly correlated to higher achievement in university-level biology
(See Figures 3, 4, and 5). Not only do these results support the assertions of the
University of California’s policy, they carry implications for high-school teachers
preparing students for college success. Better attitudes toward evolution appear to
influence knowledge of evolution, or vice versa, and both are associated with postsecondary achievement in the life sciences.
Recommendations for Future Research
The results of this work can be substantially strengthened by repetition with a
much greater sample size. This would increase the power of the conclusions drawn in
this study. Secondly, more significant results may be able to be obtained if students were
exposed to “Evo in the News” at the beginning of the introductory biology sequence at
this university. Greater gains in knowledge and positive attitudes may be observable if
prior to any college level introductory biology students were surveyed and then surveyed
again at the conclusion after having been exposed to treatments similar to those described
in this study.
It is certainly worth additional study because of the ease of use of this pedagogical
tool and the potential gains for the student population. Clearly the teaching of biological
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evolution at every level is a fundamental need in order to ultimately increase the general
public’s understanding of evolution and its uses in everyday problem solving. Many
problems have been encountered in this area. This tool, “Evo in the News” is free,
accessible, and easy to implement in an existing biology course or program of study. If
this tool can increase student knowledge and positive attitudes it would be well worth the
additional investigation into its uses.
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Table 1
Descriptive Statistics for Pre-Survey Relevance Construct

Statements from EALS Relevance Construct
The theory of evolution helps us understand plants.
Evolutionary theory is highly relevant for biology.
The theory of evolution helps us understand animals.
The theory of evolution helps us understand human origins.
Evolutionary theory is highly relevant for the social sciences (e.g.,
anthropology, psychology, sociology).
Evolutionary theory is highly relevant for the humanities (e.g., history,
literature, philosophy).
Evolutionary theory is relevant to our everyday lives.
The theory of evolution helps explain the world as it is in the present.

N
117
117
117
117
117

Mean
5.56
5.79
5.74
5.52
5.10

SD
1.44
1.52
1.31
1.64
1.62

117 4.89

1.63

117 5.03
117 5.24

1.63
1.74
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Table 2a
Statement

Relevance Construct for Control Group
PrePrePostsurvey
survey
survey
N
Mean
SD
Mean

Postsurvey
SD

Gain
Mean

The theory of evolution helps us
understand plants

20

5.45

1.70

5.50

1.36

0.05

Evolutionary theory is highly relevant for
biology.

20

5.80

1.44

5.45

1.61

-0.35

The theory of evolution helps us
understand animals.

20

6.10

1.29

5.65

1.29

0.45

The theory of evolution helps us
understand human origins.

20

5.40

2.09

5.30

1.84

-0.10

Evolutionary theory is highly relevant for
the social sciences (e.g., anthropology,
psychology, sociology).

20

5.20

1.40

5.50

1.24

0.30

Evolutionary theory is highly relevant for
the humanities (e.g., history, literature,
philosophy).

20

5.00

1.59

4.85

1.53

-0.15

Evolutionary theory is relevant to our
everyday lives.

20

5.25

1.77

5.20

1.47

-0.05

The theory of evolution helps explain the
world as it is in the present.

20

5.50

1.82

5.05

1.58

-0.45

Total

20

43.7

12.14

42.5

10.87

-0.30
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Table 2b
Statement

Relevance Construct for Experimental Group
PrePrePostsurvey
survey
survey
N
Mean
SD
Mean

Postsurvey
SD

Gain
Mean

The theory of evolution helps us
understand plants

15

4.47

2.23

5.47

1.19

1.00**

Evolutionary theory is highly relevant for
biology.

15

5.20

1.97

5.60

1.50

0.40

The theory of evolution helps us
understand animals.

15

4.80

1.66

5.60

1.24

0.80*

The theory of evolution helps us
understand human origins.

15

4.80

2.01

5.67

1.35

0.87**

15

4.73

2.05

5.27

1.28

0.54*

Evolutionary theory is highly relevant for
the humanities (e.g., history, literature,
philosophy).

15

4.07

2.09

5.33

1.35

1.26***

Evolutionary theory is relevant to our
everyday lives.

15

5.00

1.96

4.87

1.46

-0.13

15

4.67

2.44

5.13

1.77

0.46

15

37.74

14.76

42.94

8.34

5.2**

Evolutionary theory is highly relevant for
the social sciences (e.g., anthropology,
psychology, sociology).

The theory of evolution helps explain the
world as it is in the present.

Total

* significant at p < 0.10
**significant at p < 0.05
***significant at p < 0.01
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Table 3
Descriptive Statistics for Pre-Survey Genetic Literacy Construct

Statement
Humans share a majority of their genes with
chimpanzees.
Humans share more than half of their genes with mice.
Ordinary tomatoes do not have genes, whereas
genetically modified tomatoes do.
Today it is not possible to transfer genes from one
species of animal to another.
All plants and animals have DNA.
Humans have somewhat less than half of the DNA in
common with chimpanzees.
You can see traces of our evolutionary past in human
embryos.
Humans developed from earlier life forms.
Mutations are never beneficial.

N
117

Mean
5.40

SD
1.49

117
117

4.24
2.26

1.53
1.46

117

2.90

1.56

117
117

6.03
2.76

1.63
1.60

117

5.25

1.43

117
117

5.39
1.74

1.72
1.23
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Table 4a
Statement

Genetic Literacy Construct for Control Group
PrePostPre-survey
survey
survey
N
Mean
SD
Mean

Postsurvey
SD

Gain
Mean

Humans share a majority of their genes
with chimpanzees.

21

5.38

1.32

5.05

1.47

-0.33

Humans share more than half of their
genes with mice.

21

4.62

1.40

4.67

1.11

0.05

Ordinary tomatoes do not have genes
whereas genetically modified tomatoes
do.

21

4.48

1.72

4.29

1.79

-0.19

Today it is not possible to transfer genes
from one species of animal to another.

21

3.90

1.58

4.33

1.46

0.43

All plants and animals have DNA.

21

5.81

2.02

5.48

1.29

-0.33

Humans have somewhat less than half
of their DNA in common with
chimpanzees.

21

4.33

1.46

3.95

1.43

-0.38

You can see traces of our evolutionary
past in human embryos.

21

5.38

1.40

5.29

1.15

-0.09

Humans developed from earlier life
forms.

21

5.33

1.71

5.00

1.70

-0.33

Mutations are never beneficial.

21

5.29

1.42

4.67

1.35

-0.62

Total

21

44.52

8.48

42.73

9.27

-1.79
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Table 4b

Genetic Literacy Construct for Experimental Group

Statement

N

Presurvey
Mean

Presurvey
SD

Postsurvey
Mean

Postsurvey
SD

Gain
Mean

Humans share a majority of their genes
with chimpanzees.

15

5.33

1.80

5.60

1.18

0.27

Humans share more than half of their
genes with mice.

15

3.53

1.46

4.60

1.35

1.07**

Ordinary tomatoes do not have genes
whereas genetically modified tomatoes
do.

15

4.60

1.40

5.27

1.10

0.67

Today it is not possible to transfer genes
from one species of animal to another.

15

4.13

1.69

5.00

1.25

0.87*

All plants and animals have DNA.

15

6.47

0.92

6.20

1.52

-0.27

Humans have somewhat less than half
of their DNA in common with
chimpanzees.

15

5.20

1.72

4.53

1.55

0.67

You can see traces of our evolutionary
past in human embryos.

15

5.20

1.70

5.40

1.35

0.20

Humans developed from earlier life
forms.

15

4.73

2.34

5.40

1.84

0.67

Mutations are never beneficial.

15

4.80

1.82

5.13

1.19

0.33

Total

15

43.99

8.78

47.13

8.48

4.48**
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Table 5
Correlations from pre-survey data
Measure

Knowledge score

Final course grade

Attitude score

.653**

.270**

Knowledge score
**p < 0.01

.461**
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Figure 1.

Figure 1. Mean gains of relevance scores on the EALS for the treatment group (evo)
versus the control group (traditional). Mean gains are indicated by the difference in the
sums of the relevance scores from pre-survey to post-survey.
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Figure 2.

Figure 2. Mean gains of genetic literacy scores on the EALS for the treatment group
(evo) versus the control group (traditional). Mean gains are indicated by the difference in
the sums of the genetic literacy scores from pre-survey to post-survey.
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Figure 3.

Figure 3. Scatterplot showing the correlation between the sum of each student’s attitude
score on the EALS presurvey and the student’s final course grade in BIO 123/124.
Correlation significant at the p = .004 level.
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Figure 4.

Figure 4. Scatterplot showing the correlation between the sum of each student’s
knowledge score on the EALS presurvey and the student’s final course grade in BIO
123/124. Correlation significant at the p < .001 level.
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Figure 5.

Figure 5. Scatterplot showing the correlation between the sum of each student’s
knowledge score on the EALS presurvey and the sum of each student’s attitudes score on
the EALS. Correlation significant at the p < .001 level.
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APPENDIX A – EALS (from Hawley, et al., 2010)

Political Activity
To what degree are you political?
To what degree are you politically active?
To what degree are you politically aware/up-todate?
To what degree do your political views influence
your daily life?
To what degree do your political views influence
your decisions?
To what degree do your political views influence
courses you enroll in?
Religious Activity
To what degree are you religious?
To what degree does religion impact your daily
life?
To what degree does your religion influence your
decisions?
To what degree do you participate in religious
activities?
How much do you believe in God?
Religion is especially important to me because it
answers many of my questions about the meaning
B
of life.
Conservative Self
Identity
To what degree are you conservative?
In general, how do you self identify politically?
In general how liberal/conservative are you on
Social issues (abortion, same-sex marriage, flag
burning, etc)?
In general how liberal/conservative are you on
Economic issues (welfare, taxation, free market
policies, etc)?
In general how liberal/conservative are you on
foreign policy and defense issues (defense
spending, combating terrorism, pre-emptive war)?
Attitudes Toward
A
Life
Life begins at conception.
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After conception, a developing human is only a
cluster of cells, and it makes no sense to discuss its
moral condition.
All stages of human life- embryo, fetus, child,
adult- should have the same legal protections.
Intelligent Design
Fallacies
There is scientific evidence that humans were
created by a supreme being or intelligent designer.
There is no evidence that humans evolved from
other animals.
The theory of evolution is a matter of faith and
belief, just like religion.
Humans were specially designed.
There are no transitional fossils (remains of life
forms that illustrate an evolutionary transition).
It is statistically impossible that life arose by
chance.
The theory of evolution does not explain
similarities or differences between chimps and
humans.
Complex biological systems cannot come about by
slight successive modifications (i.e., they are
irreducibly complex).
Evolution is a theory in crisis.
Evolution violates the 2nd law of thermodynamics
(that systems move toward disorder, not order).
Natural selection cannot create complex
structures; It is like a tornado blowing through a
junkyard and creating a 747.

1

Young Earth
Creationist Beliefs
I read the bible literally.
God created humans in their present form. (used
to be: A supreme being created humans in their
present image.)
Humans never could have been related to apes.
The Earth isn't old enough for evolution to have
taken place.
There was a time when humans and dinosaurs
lived on earth together.
Present animal diversity can be explained by the
Great Flood.
A majority of present-day geological features are
1

See also Ingram & Nelson (2006).
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the result of the Great Flood.
Adam and Eve of Genesis are our universal
ancestors of the entire human race.
All modern species of land vertebrates are
descended from those original animals on the ark.
Moral Objections
People who accept evolution do not believe in
God.
People who accept evolution as fact are immoral.
If you accept evolution, you really can't believe in
God.
Darwinism strips meaning from our lives.
People can be moral and believe in evolution at
the same time.
Social Objections
The theory of evolution has contributed to racism.
Applying the theory of evolution to human affairs
implies we are not fully in control of our behavior.
The theory of evolution has contributed to sexism.
The theory of evolution has contributed to an
increase in abortion.
The theory of evolution has contributed to
genocide (the deliberate killing of a group based on
nationality, race, politics, or culture).
The theory of evolution has contributed to an
increase in euthanasia (the act of killing someone
painlessly or allowing to die to stop the suffering;
also called mercy killing).

Distrust of the
Scientific
Enterprise
Contemporary methods of determining the age of
2

fossils and rocks are untrustworthy.
The data used to support evolution is
untrustworthy.
The theory of evolution is capable of explaining the
diversity of life.
Evolutionary theorists believe that if something is
natural then it is good or right.
Evolutionary theorists believe that inevitable
inequality is morally acceptable.
Evolutionary theorists believe that because the
2

See also Ingram & Nelson (2006)
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strongest survive, it’s a mistake to help the weak.
The available data are ambiguous as to whether
evolution actually occurs.

3

Relevance of
Evolutionary
Theory
The theory of evolution helps us understand
plants.
Evolutionary theory is highly relevant for biology.
The theory of evolution helps us understand
animals.
The theory of evolution helps us understand
human origins.
For explaining human behavior, evolutionary
theory is irrelevant.
Evolutionary theory is highly relevant for the social
sciences (e.g., anthropology, psychology,
sociology).
Evolutionary theory is highly relevant for the
humanities (e.g., history, literature, philosophy).
Evolutionary theory is relevant to our everyday
lives.
The theory of evolution helps explain the world as
it is in the present.
Genetic Literacy
Humans share a majority of their genes with
chimpanzees.
Humans share more than half of their genes with
mice.
Ordinary tomatoes do not have genes, whereas
genetically modified tomatoes do.
Today it is not possible to transfer genes from one
species of animal to another.
All plants and animals have DNA
Humans have somewhat less than half of the DNA
in common with chimpanzees.
You can see traces of our evolutionary past in
human embryos.
Humans developed from earlier life forms.
Mutations are never beneficial.
Evolutionary
Knowledge
In most populations, more offspring are born than
can survive.
3

From Rutledge & Sadler (2007).
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Individuals don't evolve, species do.
Mutations can be passed down to the next
generation.
Increased genetic variability makes a population
more resistant to extinction.
The more recently species share a common
ancestor, the more closely related they are.
Natural selection is the only cause of evolution.
Mutations occur all the time.
Evolutionary
Misconceptions
Natural selection is a random process.
Natural selection is synonymous (means the same)
as evolution.
Characteristics acquired during the lifetime of an
organism are passed down to that individual's
offspring.
Species evolve to be perfectly adapted to their
environments
Evolution means progression towards perfection.
Evolution is a linear progression from primitive to
advanced species.
Knowledge about
the Scientific
Enterprise
Good theories can be proven by a single
experiment
For scientific evidence to be deemed adequate, it
must be reproducible by others.
Scientific ideas can be tested and supported by
feelings and beliefs.
Scientific explanations can be supernatural.
Theories requiring more untested assumptions are
generally better than theories with fewer
assumptions.
Good theories give rise to testable predictions.
Self Exposure to
Evolution
I've visited evolution related websites (e.g., Science
Daily, Pharyngula, Edge.org)
I've watched evolution related videos on the web
(e.g., Ted.com, YouTube).
I read science magazines featuring evolution (e.g.,
Discover, National Geographic, Nature).
I've watched nature shows that discussed
evolution (e.g., PBS/Nova, Discovery, National
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Geographic)
I've read evolution related books (e.g., by Richard
Dawkins, EO Wilson, Steven Pinker)
Youth Exposure
to Evolution
I have visited natural history museums on field
trips or with family.
As a child, I attended science and nature camps
(e.g., Outdoor Ed Lab, local nature centers or zoos).
How many evolution related courses did you have
in high school?
How much training in evolution did you receive in
high school?
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Appendix B – Additional questions for students in the “Evo in the News” group
1. Approximately how much time did you spend on each of the “Evo in the News” assignments
prior to attending your lab/recitation class?
___less than 1 hour
___1 hour
___1 ½ hours
___2 hours
___more than 2 hours
2. On a scale of 1-5, (1 = little effort, 5 = maximum effort), how much effort did you put into
each of the “Evo in the News” assignments?
3. How useful did you find each of the components of “Evo in the News” listed below: (1 = not
useful at all, 2 = somewhat useful, 3 = useful, 4 = very useful, 5= extremely useful)
--Articles
--Podcasts
--Analysis questions
--links to reference materials
--overall website
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Appendix C – Example of Pre-Lab “Evo in the News” assignment
1. Use the link below to access the article entitled, “Got lactase”.
http://evolution.berkeley.edu/evolibrary/news/070401_lactose

2. Read the article including the sidebar.
3. Answer the following questions based on the article. Your answers should be handed
in at the beginning of lab and you should be prepared to discuss this assignment on that
day.
Questions :
1. What is lactose intolerance?
2. What is the difference between those individuals who are lactose tolerant and
those who are lactose intolerant? WHY are they one or the other??
3. In what types of environments or cultures is lactose tolerance beneficial?
4. Why is it that modern Europeans have evolved into milk-drinking societies?
5. In African populations when/why did lactose tolerance become a beneficial
trait?

6. In evolutionary terms, why is it surprising that many Hadza are lactose tolerant?
7. What is “selective sweep”?
8. What is convergent evolution and how is lactose tolerance an example of this
concept?
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Appendix D -- Example of Pre-Lab Control Group Assignment
1. Use the link below to access the article entitled, “Digestive enzymes and food
absorption”.
http://www.livestrong.com/article/291983-digestive-enzymes-food-absorption/
2. Read the article.
3. Use the link below to access the article entitled, “Difference between glucose and lactose”.
http://www.livestrong.com/article/271341-difference-between-glucose-lactose/
4. Read the article.
5. Answer the following questions based on the article. Your answers should be handed

in at the beginning of lab and you should be prepared to discuss this assignment on that
day.
Questions :
1. Carbohydrates, fats, and proteins are broken down in the human digestive
system into constituent molecules that can be absorbed. Identify the smaller
constituent molecules derived from carbohydrates, fats, and proteins that can be
absorbed into the circulatory system.
2. Identify the major groups of digestive enzymes used in the human digestive
system.
3. Where does absorption of these molecules take place in the human?
4. Why do whole grains make you feel full longer than simple sugars?
5. What are the major similarities between glucose and lactose?
6. How does the human digestive system treat glucose and lactose differently?
7. How does glucose enter the cells of the body from the bloodstream?
8. What happens in the human digestive system if an individual is lactose
intolerant?
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Appendix E: List of “Evo in the News” articles used in this study.
1.

http://evolution.berkeley.edu/evolibrary/news/070401_lactose

2.

http://evolution.berkeley.edu/evolibrary/news/080501_octopusmating

3.

http://evolution.berkeley.edu/evolibrary/news/060201_zebrafish

4.

http://evolution.berkeley.edu/evolibrary/news/071101_genealogy
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Appendix F: List of articles used for control group pre-labs in this study.
1.
2.
3.
4.
5.

http://www.livestrong.com/article/291983-digestive-enzymes-food-absorption/
http://www.livestrong.com/article/271341-difference-between-glucose-lactose/

http://discovermagazine.com/2003/oct/feateye
http://www.sciencedaily.com/releases/2011/03/110323141852.htm
http://www.enotes.com/forensic-science/mitochondrial-dna-analysis
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Appendix G: Electronic Informed Consent Script
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Appendix H – IRB Approval for Study

SYRACUSE UNIVERSITY Institutional Review Board Office of Research Integrity and
Protections 121 Bowne Hall, Syracuse, New York 13244-

MEMORANDUM
TO: Jason Wiles
DATE: January 13, 2011
SUBJECT: Expedited Protocol Review - Approval of Human Participants
IRB #: 10-344
TITLE: "Evo in the News"- A Pedagogical Tool to Enhance Students' Attitudes Toward Biological
Evolution
The above referenced protocol, submitted for expedited review, has been evaluated by the
Institutional Review Board (IRB) for the following:
1. the rights and welfare of the individual(s) under investigation;
2. appropriate methods to secure informed consent; and
3. risks and potential benefits of the investigation.
Through the University’s expedited review process, your protocol was determined to be of no
more than minimal risk and has been given expedited approval. It is my judgment that your
proposal conforms to the University’s human participants research policy and its assurance to
the Department of Health and Human Services, available at:
http://www.orip.syr.edu/humanresearch.html.
Your protocol is approved for implementation and operation from January 13, 2011 until
January 12, 2012. If appropriate, attached is the protocol’s approved informed consent
document, date-stamped with the expiration date. This document is to be used in your informed
consent process. If you are using written consent, Federal regulations require that each
participant indicate their willingness to participate by signing the informed consent document
and be provided with a copy of the signed consent form. Regulations also require that you keep
a copy of this document for a minimum of three years.
CHANGES TO APPROVED PROTOCOL: Proposed changes to this protocol during the period for
which IRB approval has already been given, cannot be initiated without IRB review and approval,
except when such changes are essential to eliminate apparent immediate harm to the
participants. Changes in approved research initiated without IRB review and approval to
eliminate apparent immediate hazards to the participant must be reported to the IRB within five
days. Protocol changes are requested on an amendment application available on the IRB web
site; please reference your IRB number and attach any documents that are being amended.
CONTINUATION BEYOND APPROVAL PERIOD: To continue this research project beyond January
12, 2012, you must submit a renewal application for review and approval. A renewal reminder
will be sent to you approximately 60 days prior to the expiration date. (If the researcher will be
traveling out of the country when the protocol is due to be renewed, please renew the protocol
before leaving the country.)
UNANTICIPATED PROBLEMS INVOLVING RISKS: You must report any unanticipated problems
involving risks to subjects or others within 10 working days of occurrence to the IRB at
315.443.3013 or orip@syr.edu. __________ 315-443-3013 Fax 315-443-9889 regcomp@syr.edu
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STUDY COMPLETION: The completion of a study must be reported to the IRB within 14 days.
Thank you for your cooperation in our shared efforts to assure that the rights and welfare of
people participating in research are protected.
Kathleen King, Ph.D.
IRB Chair
Note to Faculty Advisor: This notice is only mailed to faculty. If a student is conducting this study,
please forward this information to the student researcher.
DEPT: Biology, 107 College Place STUDENT: Lynn Infanti
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Appendix I – IRB Approval Renewal for Study

SYRACUSE UNIVERSITY Institutional Review Board
Office of Research Integrity and Protections

-

MEMORANDUM
TO: Jason Wiles
DATE: December 20, 2011
SUBJECT: Renewal Approval - Expedited Review
IRB #: 10-344
TITLE: "Evo in the News"- A Pedagogical Tool to Enhance Students' Attitudes Toward Biological
Evolution
The request for renewal of your human subjects protocol has been reviewed by the Institutional
Review Board (IRB) and has been evaluated for the following:
1. the rights and welfare of the individual(s) under investigation;
2. appropriate methods to secure informed consent; and
3. risks and potential benefits of the investigation.
Your protocol is approved for implementation and operation for a period of one year, from
January 12, 2012 to January 11, 2013. If appropriate, attached is the protocol’s approved
informed consent document, date-stamped with the expiration date. This document is to be
used in your informed consent process. If you are using written consent, Federal regulations
require that each participant indicate their willingness to participate by signing the informed
consent document and be provided with a copy of the signed consent form. Regulations also
require that you keep a copy of this document for a minimum of three years.
CHANGES TO APPROVED PROTOCOL: By its very nature, research involving human participants
often requires change in plans and procedures. You are reminded of your responsibility to
obtain IRB approval of any changes in your protocol prior to implementing them, except when
such change is essential to minimize harm to the participants. Changes in approved research
initiated without IRB review and approval to eliminate apparent immediate hazards to the
participant must be reported to the IRB within five days. Protocol changes are requested on an
amendment application available on the IRB web site; please reference your IRB number and
attach any documents that are being amended.
CONTINUATION BEYOND APPROVAL PERIOD: To continue this research project beyond January
11, 2013, you must submit a renewal application for review and approval. A renewal reminder
will be sent to you approximately 60 days prior to the expiration date. (If the researcher will be
traveling out of the country when the protocol is due to be renewed, please renew the protocol
before leaving the country.)
UNANTICIPATED PROBLEMS INVOLVING RISKS: You must report any unanticipated problems
involving risks to subjects or others within 10 working days of occurrence to the IRB at
315.443.3013 or orip@syr.edu.
STUDY COMPLETION: The completion of a study must be reported to the IRB within 14 days.

SYRACUSE UNIVERSITY Institutional Review Board
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Office of Research Integrity and Protections

-
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Thank you for your cooperation in our shared efforts to assure that the rights and welfare of
people participating in research are protected.
Kathleen King, Ph.D.
IRB Chair
Note to Faculty Advisor: This notice is only mailed to faculty. If a student is conducting this study,
please forward this information to the student researcher.
DEPT: Biology, 107 College Place Student: Lynn Infanti
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